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VIII. 
EXECUTIVE SUMMARY 
 
In the property research realm, much attention has been focused on the various behavioural and 
investment aspects of direct and listed property investment vehicles (Real Estate Investment 
Trusts (REITs), listed property companies); however, there is a paucity of literature coverage 
of unlisted property investment vehicles. This research focuses on unlisted property funds 
(UPFs) as a property investment opportunity, a branch of equity-focussed indirect property 
investment conduit that has, up to now, not been thoroughly researched. The aim of this 
research is to enhance the understanding of the significance, performance and roles of UPFs 
from multi-dimensional investment perspectives, be they domestic, regional or global. 
 
This research seeks to assess the performance, role and added-value benefits of UPFs across 
the Asia-Pacific, Europe and US in domestic, regional and global investment arenas over the 
period 2010-2015. The rigorous empirical investigation undertaken in this research covers nine 
domestic UPF markets in the US, Asia-Pacific (Australia, Japan, China) and Europe (the UK, 
Germany, Finland, France, the Netherlands), six regional markets in the Asia-Pacific (all Asia-
Pacific, Asia Pacific ex. Australia, Asia-Pacific ex. Australia and Japan) and Europe (all 
Europe, Europe ex. UK, Europe ex. UK and Germany), as well as in the global context. A 
statistical de-smoothing filter is applied for the UPF index data to account for the valuation 
smoothing bias, with analyses performed using both the smoothed and de-smoothed UPF data. 
Four methodological clusters, namely (1) performance analysis, (2) asset allocation analysis, 
(3) blended property portfolio analysis and (4) long- and short-term linkage analysis, form the 
fundamental structure of the analysis of this research. 
 
The risk-adjusted performance analysis demonstrates a clear distinction between the 
performance of UPFs and their listed property counterparts. In general, while the annual return 
performance of UPFs was half that of listed property assets, UPFs were less volatile, recording 
on average, only a fraction of the risk seen in listed property investment vehicles; signifying 
that UPFs were not influenced by the significant volatility of the stock market. This highlights 
the unique performance attributes of UPFs in domestic, regional and global contexts, which 
delivered risk-return profiles unlike those of existing asset classes. In terms of diversification 
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potential, the results suggest that UPFs can play an effective role in multi-asset investment 
frameworks, due to their weak correlation with other mainstream assets. Most importantly, 
UPFs are observed to potentially provide better diversification benefits with domestic stock 
markets than listed property assets with the stock market. Also, the majority of UPF markets 
assessed maintained their superior performance and diversification properties after the de-
smoothing filter was applied. 
 
The inclusion of UPFs in a mixed-asset portfolio of stocks and bonds provided a performance 
boost in the lower range of portfolio efficient frontiers, indicating that UPFs are most efficient 
in mixed-asset portfolios targeting conservative to moderate risk-return strategies. This is also 
observed when mixed-asset portfolios were enlarged to include the listed property assets. 
Significant allocations to UPFs were evident in the lower half of the portfolio risk-return 
spectrum. Optimal allocation for UPFs across the nine domestic markets averaged around a 
third (37%) of the mixed-asset portfolios. Interestingly, while regional UPF markets are seen 
to play an important role in regional mixed-asset portfolios, a more significant allocation was 
achieved by excluding certain countries in Asia-Pacific (ex. Australia and Japan) and Europe 
(ex. UK and Germany). The significant role of UPFs is also evident in the global mixed-asset 
portfolio framework. Analysis of the data subject to a de-smoothing filter indicated lower 
allocations for UPFs across the three investment dimensions.  
 
The use of the blended property portfolio optimisation technique in this research provides a 
fuller practical context to the way property investment can be undertaken. The hybrid property 
portfolio approach, blending UPFs and listed property assets, enables investors to cater for 
different investment objectives, either to fulfil their liquidity and transparency mandates 
(through fixed-blend property portfolios), or to extract the best risk-adjusted performance 
(through optimal-blend property portfolios), through a unified property investment solution. In 
most cases, this research highlights the superior risk-adjusted performance achieved by 
optimally blending UPFs and listed property assets, and a discernible performance impact for 
blended property portfolios emphasizing on liquidity and transparency, be they in a domestic, 
regional or global context.  
 
The final methodological cluster facilitates the empirical investigations on the long- and short-
term linkages between UPFs and other mainstream asset classes. Limited cointegration 
relationships with certain domestic asset classes were observed in China (with bonds) and 
 xxv 
 
Germany (with REITs). However, the US UPFs cointegrated with all domestic asset classes. 
Further, limited short-term causal flows to UPFs were observed from bonds in Japan and China, 
the UK and France; from stocks in China and Netherlands; and from REITs in Japan and 
Germany. Notably, the US UPF market was causally linked with all domestic asset classes. 
Most importantly, UPFs in regional and global context were not cointegrated or causally related 
with other major asset classes. Overall, the results highlight the enhanced diversification 
potential of UPFs in a mixed-asset investment framework. 
 
Both theoretical and industry contributions are made in this research. The empirical findings 
of this research provide a much-needed literature coverage on UPFs in the theoretical domain. 
In doing so, this research expands upon the existing body of knowledge by equipping 
researchers and practitioners with a comprehensive overview of, and insights into, the 
investment attributes of UPFs as a significant alternative property investment vehicle. The 
findings of this research could also be used as an important tool for investors and fund managers 
as part of their investment decision-making processes. 
 
The results of this research highlight the performance and effectiveness of UPFs and their key 
role in the property investment landscape at local, regional and global investment context. It is 
hoped that this research will be able to assist institutional investors, in particular those with 
significant property exposure such as pension funds, sovereign wealth funds and insurance 
companies, to make well-informed strategic property investment decisions regarding the key 
role of UPFs in their portfolios. In addition, this research is beneficial for property fund 
managers, in that they have independent empirical evidence to support future local, regional 
and global capital flows to UPFs and promote the effectiveness of UPF investment strategy. 
 
Another obvious implication of this research is the highlight on the global significance of the 
unlisted property investment sector, and the increased opportunities at many levels going 
forward. This includes further development of unlisted property investment products, increased 
opportunities for skilled property professionals and further development of UPF markets, 
especially in emerging property markets in Asia-Pacific and Sub-Sahara Africa. More 
importantly, this research presents the strong initiatives by the unlisted property investment 
industry, through professional organisations such as ANREV, INREV and NCREIF, in 
promoting the transparency, accuracy and accessibility of information in the unlisted property 
investment sector. 
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CHAPTER 1  
INTRODUCTION  
 
Chapter 1 introduces property as an investment asset class and the routes available for 
investors to obtain property exposure. A brief presentation of the global unlisted property fund 
sector follows, after which a detailed elaboration of the field and area of study concerning 
unlisted property funds is provided, in particular the research gaps, research questions, 
objectives, dataset and methodology as well as the significance of the study.  
 
1.1. BACKGROUND 
Property has taken on increased importance in the global investment arena in recent years. It 
has become an attractive alternative investment asset in the capital markets for both retail and 
institutional investors as it offers interesting and unique investment features, including 
diversification benefits, distinctive performance characteristics, and a multitude of investible 
vehicles and sectors. Property also acts as an effective barrier against inflationary pressure and, 
more often than not, its risk-adjusted performance is competitive with that of bonds and stocks. 
This allows property to be classified as one of the four permanent mainstream investment asset 
classes, alongside stocks, bonds and cash. Indeed, property is an essential element of the 
strategic multi-asset investment portfolios of investors globally.  
 
Property contributes significantly to global wealth. The value of the global investable property 
market was $28 trillion in 2016 (EPRA, 2016a), accounting for 36% of the global economy 
(IMF, 2016). The property market is also significant in that it can be used as a reliable 
benchmark to gauge the economic prosperity of a country, as it is estimated that 40% of 
commercial property holdings are held as investment assets (PMRECON, 2016). Globally, 
over $860 billion worth of commercial property transactions occurred during 2016 (RCA, 
2017), and at $2.2 trillion, the property asset class accounted for a significant portion of global 
fund manager assets under management (AUM) (INREV, 2016a). 
 
Investors obtain their commercial property exposure via two main sources: direct property and 
indirect property. The well-known and traditional way of investing in commercial property is 
by directly purchasing a physical property asset with no active market mechanism involved to 
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further trade the interest of the property; this is commonly termed direct property investment. 
Investors are considered to be “active investors”, because they possess control over the 
management of the property. This requires investors to have a wide range of specialist functions 
and strategies to effectively manage their property assets. In addition, directly investing in 
property is a capital-intensive activity and is accompanied by high transaction costs; thus, any 
large-scale direct commercial property investment strategy is limited to investors with access 
to large amounts of capital (e.g. institutional investors). Further, as direct property operates 
through a private marketplace, it is normally associated with a lack of transparency and 
illiquidity.  
 
Commercial property investment via indirect property refers to investment through vehicles 
that invest directly or indirectly in physical property assets. A common indirect route for 
investors to gain property exposure is via the equity-focussed indirect property investment 
vehicle, which includes, but is not limited to, unlisted property funds (UPFs), real estate 
investment trusts (REITs) and real estate mutual funds (REMFs). This is achieved by owning 
shares in a fund (UPF, REMF) or stock (REIT) that maintains a portfolio of property assets. In 
general, the high divisibility of indirect property investment has more or less solved the main 
barrier for entry in direct property investment, that is, the high capital requirement, whilst 
allowing investors to gain exposure to a property asset class similar to that of direct property 
investment. Moreover, in most cases, indirect property investment vehicles possess their own 
property portfolio management experts; thus, their investors are not burdened with 
management tasks, and are instead classified as passive investors. Investors can also benefit 
from diversification, where indirect property investment portfolios are diversified with 
property assets from various sectors, locations and life-cycles. Figure 1.1 visualises the 
different forms of indirect property investment. 
 
While investors have myriad choices available on the indirect property investment menu; 
ultimately, the option that gives a “purer” property investment experience is the best option. A 
series of economic events has unfolded in recent years that has impacted stock markets 
globally, with REITs publicly traded in the stock market not being spared from significant 
volatility. This raises a few scepticisms towards listed property investment vehicles such as 
REITs, particularly concerning whether they can effectively reflect the investment features and 
quality of the property asset class. This has seen a large number of investors, particularly 
institutional investors, who have sought property exposure via the indirect route being upset by 
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the tendency of REITs to perform more like common stocks than reflecting the performance of 
the underlying property assets. This has resulted in UPFs being seriously considered by 
institutional investors as their primary vehicle, either to obtain or to increase their property 
exposure, with the advantage of not being influenced by wider stock market volatility. In 
addition to this, UPFs are also favoured by institutional investors due to the fact that they can 
benefit from fund managers’ experience and expertise in providing effective diversification 
strategies and robust property portfolio management practice. This is particularly important to 
small- and medium-sized institutional investors that are limited in terms of both management 
capability and capital resources, which constrains their ability to create a strategic, well-
diversified, property portfolio via the traditional means of direct property investment. 
Additionally, UPFs offer investment pricing that is close to the actual value of the underlying 
property assets, since the net asset value (NAV) is taken as the sole reflection of the UPFs’ 
investment value. This sees the NAV being primarily dictated by both the gross asset value 
(GAV) of the underlying property assets and the revaluation exercises of these assets. 
 
The lack of a robust trading marketplace and their private structure have resulted in UPFs 
inheriting some of the drawbacks of direct property investment, such as liquidity issues and 
poor transparency and information flow. However, the establishment of professional 
associations representing the unlisted property investment realm, such as the European 
Association for Investors in Non-Listed Real Estate Vehicles (INREV) in Europe, and the 
Asian Association for Investors in Non-Listed Real Estate Vehicles (ANREV) in the Asia-
Pacific, which complement the National Council of Real Estate Investment Fiduciaries 
(NCREIF) in the US, has resulted in various initiatives aimed at improving the overall 
accessibility of UPFs. These self-regulatory bodies serve both researchers and investors, as 
their main objectives are to promote transparency, accuracy, accessibility and alignment of the 
interests of participating members, as well as being the main source of research and market 
information on UPFs at the domestic, regional and global levels. 
 
 
 
 
 
 
4 
 
Figure 1.1 Equity- and Debt-focussed Indirect Property Investment Vehicles 
 
 
 
 
 
 
Source: Author’s adaptation from Geltner and Miller (2001) 
 
 
1.1.1. The Unlisted Property Fund Sector 
 
The majority of global institutional investors obtained their significant property exposure via 
the unlisted route, which is the preferred route for institutional investors in North America and 
Europe (Preqin 2017a). This has resulted in the unlisted property investment space 
experiencing rapid growth over the last five years, which is largely attributable to the inflow 
of institutionally-sourced capital. International investors also use direct property investment 
(e.g.: separate account, joint venture) largely for reasons of control. 
 
It is difficult to accurately determine the size of the UPF market due to limited publicly-
available information. However, based on a survey of over 140 global property fund managers, 
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INREV (2016a) estimated that the total GAV of the unlisted property investment sector 
worldwide stood at $1.7 trillion in 2016, which is 54% larger than in 2012 ($1.1 trillion). This 
corresponds to a total of 3,510 active unlisted property investment vehicles managed by fund 
managers. This has resulted in the unlisted property investment vehicle being the most 
significant property investment vehicle in fund manager portfolios, accounting for 81% of the 
total AUM. A decomposition of the unlisted property investment AUM by vehicle type is 
shown in Figure 1.2. As shown, UPFs constitute the largest vehicle in the unlisted property 
investment sector, accounting for 68% ($944 billion) of the universe worth, spread across 1,496 
active funds in 2016. 
 
In terms of the investors’ universe, institutional-sourced capital represents 84% of the total 
UPFs GAV. This has led to UPFs appealing to institutional investors adopting the liability-
driven investment strategy (e.g. pension funds, insurance companies), emphasising long-term, 
low-volatility investment horizons. This is also reflected in the style composition of global 
UPFs, with least risky core-style UPFs accounting for a significant percentage in the GAV of 
global UPF managers (Table 1.1). Several major UPF managers have adopted the core 
investment style as their sole investment offering (Deka, Union Investment). The more private 
equity-focussed players (e.g.: Blackstone, Brookfield) are also seen to favour the opportunity 
investment style 
 
Figure 1.2 Unlisted Property Investment AUM: Vehicle Type: 2016  
 
Source: INREV (2016a) 
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Table 1.1 Top Ten Global UPF Managers: 2016 
Rank Fund manager Total UPF GAV 
Investment style 
Core Value-added Opportunity 
1 Blackstone $115.2 B 15.3% 0.0% 84.7% 
2 JP Morgan $51.5 B 86.6% 10.6% 2.8% 
3 Pramerica $46.8 B 87.2% 12.1% 0.7% 
4 Deka $35.1 B 100.0% 0.0% 0.0% 
5 Brookfield $34.3 B 31.5% 7.1% 61.5% 
6 Union Investment $33.4 B 100.0% 0.0% 0.0% 
7 Credit Suisse $32.1 B 91.5% 1.0% 0.0% 
8 UBS AM $31.4 B 95.2% 4.6% 0.2% 
9 Morgan Stanley $28.9 B 66.3% 0.0% 33.7% 
10 CBRE GI $24.9 B 57.6% 22.4% 20.0% 
Source: Author’s compilation and analysis from INREV (2016a) 
 
1.2. SHORTCOMINGS OF CURRENT LITERATURE: THE RESEARCH GAP 
Even though property in general is the focal point of an overwhelming amount of investment- 
and finance-related literature, published research on the investment attributes of UPFs as a 
property investment vehicle is extremely scarce, particularly for the European and Asia-Pacific 
markets. This is a key research gap in the body of knowledge. 
 
In the past ten years, the performance and diversification benefits of direct property investment 
in the US has been well documented (e.g. Pagliari et al. 2005; Riddiough et al. 2005; Fisher 
and Goetzman, 2005; Edelstein and Quan, 2006; Fisher et al. 2007; MacKinnon and Al Zaman, 
2009; Marzuki and Newell, 2017). There has also been extensive literature coverage of the 
European direct property markets (e.g. Hoesli et al. 2004; Lim et al. 2008). In the Asia-Pacific 
region, country-specific studies on direct property are available from Australia (Newell, 2005a; 
Newell and Peng, 2007a; Newell and Peng, 2007b; Newell, 2007a; Lee, 2008; Eves, 2010, 
2016), Singapore (Liow, 2001), New Zealand (Nartea and Eves, 2008, 2010), China (Newell 
et al. 2005, 2009), India (Newell and Kamineni, 2007), as well as in the context of the general 
Asia-Pacific region (Jin et al. 2007; Newell et al. 2009; Lin and Fuerst, 2014).  
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Similarly, the relatively young global REIT markets have attracted considerable interest 
amongst researchers globally, including in the US (Benjamin et al. 2001; Zietz et al. 2003), 
Europe (Newell et al. 2013; Newell and Marzuki, 2016) and Asia-Pacific (Lee and Ting, 2009; 
Newell and Osmadi, 2009; Newell et al. 2010; Pham, 2011a, 2011b; Peng and Newell, 2012; 
Newell and Peng, 2012; Newell et al. 2015). Compared to these property investment vehicles, 
the literature coverage on the performance and diversification benefits of UPFs is restricted 
mostly to the US (Gallo et al. 2006; Shilling and Wurtzebach, 2012; Case, 2015; Farrelly and 
Stevenson, 2016; Pagliari, 2017) and only a few jurisdictions in Europe (Baum et al. 2012; 
Schweizer et al. 2013; Van Den Heuvel and Morawski, 2013; Kiehela and Falkenbach, 2015), 
with most of these studies focussed mainly on the aspect of performance determinants. In 
addition to this, there has been very sparse empirical investigation on the performance and 
diversification benefit assessments of UPFs in the Asia-Pacific. Most importantly, none of the 
recent studies specifically provided a comparative performance analysis of UPFs and 
mainstream asset classes in domestic, regional and global investment contexts. 
 
Further, the role of commercial property (both direct property and REITs) in a mixed-asset 
investment framework has been rigorously researched in the US (e.g. Lee and Stevenson, 2006; 
Fisher et al. 2007; Fisher et al. 2007; MacKinnon and Al Zaman, 2009; Pagliari, 2016; Marzuki 
and Newell, 2017), and comparable commercial property studies are also available, either in 
the form of direct property or REITs, in various property markets in Europe (e.g. Hamelink 
and Hoesli, 2004; Hoesli et al. 2004; Rehring, 2011; Newell et al. 2013; Newell and Marzuki, 
2016) and Asia-Pacific (e.g.: De Francesco, 2005; Nartea and Eves, 2008, 2010; Reddy, 2013; 
Lee and Ting, 2009; Newell and Osmadi, 2009; Newell et al. 2010; Pham, 2011a, 2011b; Peng 
and Newell, 2012; Newell and Peng, 2012; Newell et al. 2015). However, there has been no 
previous research that has specifically investigated the efficiency and added-value role of UPFs 
as part of a multi-asset investment strategy at the domestic, regional and global levels.  
 
Lastly, there has been increasing adoption by investors of the hybrid blend of listed and unlisted 
property components within a portfolio. Their primary aim is to achieve enhanced liquidity, 
cost and diversification benefits that would otherwise not be possible with a pure private 
property portfolio. By exposing an unlisted property portfolio to a listed property element, 
investors can reap the benefits of listed property investment; namely, high liquidity, 
low/manageable cost and ease of execution. However, research on the performance 
implications of obtaining property exposure via blended property portfolios is scarce; there are 
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only two studies available, both confined to the UK context (Farrelly and Moss, 2014; Moss 
and Farrelly, 2015). Therefore, it is important that an empirical investigation is expanded to 
other property markets to further articulate the performance benefits of blended property 
portfolios as part of investor property portfolio diversification strategies. This is a key research 
gap and is the primary focus of this thesis, with significant implications for institutional 
investors and property funds management. 
 
1.3. RESEARCH QUESTIONS 
There are seven general research questions defined in this study in response to the gaps 
identified in the current literature: 
RQ 1.  What are the return and risk properties of UPFs? 
RQ 2. How do UPFs compare to mainstream asset classes on a risk-adjusted basis? 
RQ 3. Do UPFs provide added-value and diversification benefits in a mixed-asset 
portfolio framework? 
RQ 4. What is the optimum allocation for UPFs in a mixed-asset portfolio framework? 
RQ 5. What are the return, risk and risk-adjusted return implications of blending listed 
property elements with an unlisted property portfolio?  
RQ 6. What are the return and risk implications of exposing a mixed-asset investment 
framework to a blended property portfolio? 
RQ 7. Are there long- and short-term linkages between UPFs and major asset classes? 
 
1.4. RESEARCH OBJECTIVES 
This research aims to assess the performance, role and added-value benefits of UPFs across the 
Asia-Pacific, Europe and US in the domestic, regional and global investment arenas over the 
period 2010-2015. It will cover nine domestic UPF markets in the US, Asia-Pacific (Australia, 
Japan, China) and Europe (the UK, Germany, Finland, France, the Netherlands), six regional 
markets in the Asia-Pacific (all Asia-Pacific, Asia Pacific ex. Australia, Asia-Pacific ex. 
Australia and Japan) and Europe (all Europe, Europe ex. UK, Europe ex. UK and Germany), 
as well as in the global context. In order to be able to address the research questions posed 
above, several objectives have been identified, which are as follows: 
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RO 1. To analyse the return and risk attributes of UPFs. 
RO 2. To compare the risk-adjusted performance of UPFs to the major asset classes of 
bonds, stocks and listed property. 
RO 3. To assess the level of diversification potential of UPFs in a mixed-asset portfolio 
framework. 
RO 4.   To determine the optimal asset allocation of UPFs in a mixed-asset portfolio 
framework. 
RO 5. To demonstrate the return, volatility and risk-adjusted return performance 
enhancements of a blended property portfolio. 
RO 6. To measure the long- and short-term integration between UPFs and the major 
asset classes. 
 
1.5. RESEARCH METHODOLOGY 
Total returns for UPFs over Q1:2010-Q4:2015 were obtained for analysis, involving nine 
domestic markets, two regional markets with an additional four regional sub-markets, and at 
the aggregate global level. The principal dataset for UPFs was sourced from the databases of 
ANREV (for Asia-Pacific UPF markets), INREV (for European UPF markets) and NCREIF 
(for the US UPF market). The timeframe of 2010-2015 was chosen as it coincides the 2010 
start of the INREV and ANREV quarterly UPF series. It also results in an analysis period which 
is not directly impact by the GFC. Since the total return index of UPFs is a valuation-derived 
index, a general statistical de-smoothing filter was applied; hence, the resulting timeframe for 
the analysis is effectively Q2:2010-Q4:2015. For the purpose of comparative performance 
analysis and to gauge the effectiveness of UPFs in an inter-asset diversification strategy, a 
similar dataset for major asset classes, namely stocks, bonds, REITs and listed property 
companies over the same period, was collected from Datastream. Since the objectives of this 
research are diverse, four analysis clusters were created, based on the methodological 
requirements, as follows. 
 
1.5.1. Performance Analysis 
This first methodological cluster seeks to assess the investment attributes of UPFs. This uses 
various performance measures such as the geometric mean total return, and risk assessment 
using standard deviations. Also, risk-adjusted performance analysis via the return-to-risk ratio 
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and Sharpe ratio will be utilised to better comprehend the performance characteristics of UPFs. 
To provide a comparative performance analysis between UPFs and other mainstream asset 
classes, a similar set of analyses will be performed for bonds, stocks and listed property assets 
(REITs and listed property companies) as benchmark proxies. Further, to gauge the 
effectiveness of UPFs in a multi-asset investment framework, correlation coefficient analysis 
is utilised, with the results presented using the inter-asset correlation matrix.  
 
1.5.2. Asset Allocation Analysis 
The primary aim of the second methodological cluster is to ascertain the role of UPFs in a 
mixed-asset investment portfolio using a set of pre-determined portfolio scenarios. This will 
require rigorous use of the Markowitz mean-variance model. The performance implications of 
adding UPFs in a mixed-asset portfolio, and their optimum weights, will be assessed through 
the construction of efficient frontiers and asset allocation diagrams. The Microsoft Excel Solver 
tool will be used to compute eleven optimal combinations of assets, ranging from a 
conservative risk-return portfolio to an optimistic risk-return portfolio, to create an efficient 
frontier line.  
 
1.5.3. Blended Property Portfolio Analysis 
The third cluster aims to assess the performance implications of obtaining property exposure 
by blending UPFs and listed property as a homogenous property asset. The primary motivation 
for this approach is to increase the acceptance of the use of the hybrid property portfolio 
structure, as investors seek to improve the liquidity and transparency of their property portfolio. 
Three blended property portfolio configurations will be explored: (1) 70% UPFs / 30% listed 
property, (2) 50% UPFs / 50% listed property and (3) optimal blend of UPFs and listed 
property. Blended property portfolios (1) and (2) are fixed-blend, liquidity-focused 
configurations, while blended property portfolio (3) focusses on providing the highest risk-
adjusted performance by harnessing the diversification benefits between UPFs and listed 
property assets. Therefore, an optimum weight of UPFs and listed property will be computed 
to determine the blend that delivers the highest risk-adjusted returns. 
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1.5.4. Long- and Short-Term Linkage Analysis 
A range of econometric procedures, namely the auto-regressive distributed lag (ARDL) 
cointegration and Granger causality tests, will be carried out in the final cluster to determine 
the long- and short-term associations between UPFs and the other major asset classes. The 
cointegration test procedure facilitates the analysis of long-term equilibrium relationships 
between UPFs and other mainstream asset classes. In addition to this, the Granger causality 
test will be carried out to measure whether there is a short-term cause-effect relationship 
between UPFs and other mainstream asset classes. The exclusive purpose of this last 
methodological cluster is to further evaluate the diversification potential of UPFs in the short 
and long-term investment horizons. 
 
1.6. RESEARCH SIGNIFICANCE 
This research will be amongst the first to undertake a quantitative analysis on the behavioural 
and investment aspects of UPFs amongst nine domestic markets, two regional markets and four 
regional sub-markets across the Asia-Pacific, Europe and the US, as well as at the global level. 
Empirical investigations will be performed in the domestic, regional and global investment 
contexts, allowing an articulation of the investment properties of UPFs on a wide range of 
investment platforms. All of these will contribute towards a fuller understanding of the 
significance, risk-adjusted performance and added-value benefits of UPFs; highlighting the 
role of this significant property investment opportunity for institutional investors.   
 
The main motivation behind the increased adoption of UPFs amongst institutional investors is 
that they offer quality property exposure in a total return-focussed and low volatility investment 
environment. This makes UPFs the primary conduit for investors looking for an effective cross-
border property investment and who want to expand beyond their domestic property markets. 
Comprehensive and comparative performance analyses across several continents will facilitate 
a deeper understanding of the benefits of multi-country and cross-continental diversification 
strategies, further highlighting the distinct investment attributes of UPFs. Moreover, this 
research also pioneers the construction of efficient portfolios and optimum asset allocation 
strategies, with UPFs being included as a component in the fabric of the diversified investment 
portfolio. These will contribute towards a fuller understanding of the strategic implications of 
these investment decisions and undertakings, for both investors and fund managers. 
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This research is also significant in that it is amongst the first to explore the blended property 
portfolio optimisation technique. It aims to create a property investment structure that can 
commodify the distinct investment attributes of UPFs and REITs, and combined them in a 
unified architecture representing a robust property asset class. With investment mandates now 
requiring improved portfolio transparency and liquidity, this has left investors and fund 
managers with no other choice except to adopt the blended property portfolio investment 
structure. This research provides a comprehensive analysis of methods to enhance the 
performance envelope by optimally tuning blended property portfolio structures.  
 
With close to $1 trillion in GAV as at December 2016 (INREV, 2016a), UPFs are poised to 
become one of the major property asset classes and an important asset in institutional 
investment portfolios around the globe. However, the lack of information on the investment 
attributes of UPFs is one of the reasons contributing to the limited understanding of this vehicle, 
especially amongst Asia-Pacific institutional investors, where property accounts for only a 
small percentage of their total assets.  Thus, this study will provide an insight and full review 
on the investment attributes of UPFs. In essence, both theoretical and industry contributions 
are made in this research. 
 
1.7. RESEARCH ORGANISATION 
This research is structured into eight main chapters (Figure 1.3), summarised follows. 
 
Chapter 1 introduces property as an investment asset class and provides a brief presentation of 
the UPF sector. The field and area of study are explained in detail, together with the research 
questions, objectives, dataset and methodology, study significance and the general layout of 
the research.  
 
Chapter 2 presents an overview of the background of the global property market, then continues 
with an analysis and discussion of the significance of global property transaction activity. It 
then proceeds with a discussion on the strategic significance of property in institutional investor 
portfolios, with a special focus on pension funds.  The last section of this chapter provides an 
overview of unlisted property investment vehicles and the significance of UPFs in the context 
of the global property investment space. 
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Chapter 3 provides a comprehensive review of the academic literature on the performance, 
diversification benefits and strategic allocation of various property investment vehicles in 
mixed-asset portfolios, namely: direct property, REITs, REMFs and UPFs.  Given the large 
amount of literature on these aspects in the theoretical domain, the structure of the chapter is 
divided into three geographical sections, for the US, Europe and Asia-Pacific. The chapter’s 
primary aim is to equip this research with a strong theoretical background, and at the same time 
highlight the paucity of literature on the unlisted property investment space. 
 
Chapter 4 provides a description of the dataset and the methodologies utilized in this research. 
This is particularly important, as it assists in providing a fuller understanding of the 
interpretation of the results in successive chapters. In addition to this, limitations in both the 
dataset and methodology are acknowledged.  
 
Chapters 5, 6 and 7 contain a thorough analysis of the performance characteristics and 
behaviour of UPFs, including comparative benchmarking with the other major asset classes. 
All of these chapters are divided according to four separate methodological constructs: (1) a 
performance analysis, which comprises the return, risk, risk-adjusted return and correlation 
coefficient analyses; (2) a mean-variance asset allocation analysis; (3) a blended property 
portfolio analysis; and (4) ARDL cointegration and Granger causality tests. Chapters 5 and 6 
present the empirical results from a domestic investment perspective. Chapter 5 describes the 
findings of four UPF markets; three in Asia-Pacific, namely Australia, Japan and China, as well 
as the US. Chapter 6 interprets the findings of five European UPF markets; namely, the UK, 
Germany, the Netherlands, Finland and France. This is followed by Chapter 7, which presents 
the empirical results for UPFs at the regional and global investment frontiers. 
 
The research concludes in Chapter 8, in which the conclusions and property investment 
implications are presented. Furthermore, this chapter discusses the overall contribution of this 
research, highlights its limitations, and explores potential future research directions. 
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Figure 1.3 Structure of the Research 
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CHAPTER 2  
THE SIGNIFICANCE OF GLOBAL PROPERTY 
MARKETS 
 
Chapter 2 presents the significance and performance of the global property markets. Analyses 
and discussions on the strategic importance of property in institutional investor portfolios are 
presented.  This includes detailed analyses of unlisted property investment vehicles and the 
significance of unlisted property funds in the context of the global property investment space. 
 
2.1. OVERVIEW OF GLOBAL PROPERTY MARKETS 
The global economy is now embarking on its seventh year of continuous expansion, which 
commenced after the 2008-2009 Global Financial Crisis (GFC). Meanwhile, gross domestic 
product (GDP) growths over the past five years have been unremarkable, with an average 
global GDP growth of 2.6% p.a. over 2016. Global GDP (nominal) for the whole of 2016 
reached $78 trillion, and many advanced economies (Table 2.1) failed to register significant 
growth over this period, resulting in an environment close to zero yield. Central banks globally 
have cut the benchmark base lending rates, with central banks in certain countries (e.g.: Japan, 
Sweden, Switzerland) imposed negative interest rates. This is done with the objective to 
stimulate economic growth and increase domestic consumption as this would lower the cost of 
borrowing. Whilst the effectiveness of this strategy remains to be seen, central banks are risking 
of running out fiscal-firepower to deal with unexpected economic recession in the future.  
 
This challenging economic environment has resulted in many emerging markets playing a 
greater role in driving the global economy. For example, emerging markets in the Asia-Pacific, 
particularly China (GDP growth = 6.7%) and India (GDP growth = 6.8%) are important. 
Negative influences from a series of economic events that have unfolded over the past five 
years (e.g. European sovereign debt crisis, Brexit, recession in the commodity sector) indicate 
that the uncertainty in the global economy could be prolonged. Emerging countries are 
expected to be the biggest beneficiaries in the current economic climate as they attract 
significant capital inflow. Worthy of note is that if the current GDP growth trend continues, it 
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is expected that China will overtake the US as the world’s largest economy by 2029 (IMF, 
2016; CIA, 2016). 
 
In terms of population, the Asia-Pacific remains the most populous region in the world, 
accounting for 60% (4.5 billion people) of the world’s population. Hence, the Asia-Pacific 
leads the Americas (1 billion; 14% of global population) and Europe (743 million; 11% of 
global population). Asia-Pacific countries such as China (#1; 1.37 billion) and India (#2; 1,27 
billion) are ranked in the top three most populous nations, with the US (#3; 324 million) being 
in third place. This also means Europe could be regarded as the most prosperous region in the 
world, in terms of the size of its population relative to its economy. In the Americas region, a 
disparity is evident between North and South America, with North American countries (US, 
Canada) being more prosperous than their South American counterparts.
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Table 2.1 Economic Profile of Countries: 2016 
  
Population 
(M) 
GDP  
(nominal; $ B) 
GDP  
(growth; %) 
Interest rate 
(%) 
Real estate 
($ B) 
Asia-Pacific       
Australia  30  1,257 2.5 1.50 675 
China  1,373  11,390 6.7 4.35 2,935 
Hong Kong  7  316 1.9 1.50 276 
India  1,267  2,251 6.8 6.00 349 
Indonesia  258  941 5.0 6.50 222 
Japan  126  4,730 1.0 -0.10 2,363 
South Korea  51  1,404 2.8 1.50 594 
Malaysia  31  303 4.2 3.00 111 
New Zealand  4  179 4.0 1.75 85 
Philippines  103  312 6.8 3.00 56 
Singapore  6  297 2.0 1.10 299 
Taiwan  23  519 1.4 1.38 134 
Thailand  68  391 3.2 1.50 112 
Vietnam  95  201 6.2 6.25 - 
Europe       
Austria  9  387 1.5 0.00 194 
Belgium  11  470 1.2 0.00 237 
Czech Rep.  11  194 2.4 0.25 86 
Denmark  6  303 1.1 0.05 152 
Finland  5  239 1.4 0.00 120 
France  67  2,488 1.2 0.00 1,261 
Germany  81  3,495 1.8 0.00 1,722 
Greece  11  196 0.0 0.00 110 
Hungary  10  117 2.0 0.90 51 
Ireland  5  308 5.2 0.00 109 
Italy  62  1,852 0.9 0.00 963 
Netherlands  17  770 2.1 0.00 388 
Norway  5  376 1.0 0.50 230 
Poland  39  467 2.8 1.50 192 
Portugal  11  206 1.4 0.00 101 
Romania  22  187 4.8 1.75 - 
Russia  142  1,268 -0.2 8.25 714 
Spain  49  1,252 3.2 0.00 627 
Sweden  10  517 3.3 -0.50 255 
Switzerland  8  663 1.3 -0.75 311 
Turkey  80  736 2.9 8.00 266 
UK  64  2,650 1.8 0.50 1,288 
Americas       
Brazil  206  1,770 -3.6 7.50 853 
Chile  18  235 1.6 2.50 104 
Colombia  47  274 2.0 5.50 118 
Mexico  123  1,064 2.3 7.00 436 
Peru  31  180 3.9 3.75 58 
Canada  36  1,532 1.4 1.00 820 
US  324  18,560 1.6 1.25 7,643 
Source: Author’s compilation from CIA (2016), EPRA (2016a) and IMF (2016)
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Property contributes significantly to global wealth, and is one of the four mainstream 
investment asset classes, alongside stocks, bonds and cash. The dynamics of the domestic 
property market can be used as a reliable benchmark to gauge the economic prosperity of a 
country, given that approximately 40% of commercial property holdings are held as investment 
assets (PMRECON, 2016) and also because property is regarded as one of the factors of 
production. Over the past decade, property has become one of the most important assets in the 
global investment arena and more investors, primarily institutional investors such as pension 
funds and sovereign wealth funds (SWF), are seeking exposure to property assets in order to 
fulfil their long-term commitments. This section highlights the stature of the global property 
markets. 
 
The vibrancy of property as an investment asset is significant; the total value of the global 
investable property market has reached $28 trillion and is set to grow at a faster rate in 2017 
(EPRA, 2016a), with the investable property universe worth 36% of the global economic 
output. In addition, property investment activity represented 10% of the total global capital 
inflow into the investment asset classes over 2016 (IMF, 2016; CBRE, 2017). Together, the 
top 20 property markets (Table 2.2) represented more than 88% of the global property universe, 
which translates to approximately $24.7 trillion in total market value (EPRA, 2016a).  
 
At $7.6 trillion, the US had the largest investable property market in the Americas region (76% 
of the Americas’ investable property), as well as amongst the developed markets (36% of 
global developed markets investable property) and globally (27% of global investable property 
universe). At $2.9 trillion, China tops the Asia-Pacific property markets (36% of Asia-Pacific 
global investable property) and constitutes 10% of the global investable property universe. This 
also sees China outranking some of the major global developed property markets such as Japan 
($2.4 trillion), Germany ($1.7 trillion) and the UK ($1.3 trillion). In the European region, 
Germany (#4) is the largest European property market, accounting for 18% and 6% of the 
European and global investable property markets respectively. 
 
In a regional context, the Americas offer the highest property investment opportunity, with the 
region accounting for the highest amount of investable property (35.6% of the global investable 
property universe; $10.0 trillion), followed by Europe (34.3%; $9.7 trillion) and the Asia-
Pacific (29.3%; $8.2 trillion). 
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Table 2.2 Top 20 Global Investable Property Markets: 2016 
Market Size Global Market Share Global Rank 
US $7,634B 27.1% 1 
China $2,935B 10.4% 2 
Japan $2,363B 8.4% 3 
Germany $1,722B 6.1% 4 
UK $1,288B 4.6% 5 
France $1,261B 4.5% 6 
Italy $963B 3.4% 7 
Brazil $852B 3.0% 8 
Canada $820B 2.9% 9 
Russia $713B 2.5% 10 
Australia $675B 2.4% 11 
Spain $627B 2.2% 12 
South Korea $564B 2.0% 13 
Mexico $436B 1.5% 14 
Netherlands $388B 1.4% 15 
India $349B 1.2% 16 
Switzerland $311B 1.1% 17 
Singapore $299B 1.1% 18 
Hong Kong $276B 1.0% 19 
Turkey $265B 0.9% 20 
Asia-Pacific  $8,243B 29.3%  
Europe $9,658B 34.3%  
Americas $10,023B 35.6%  
Source: Author’s compilation and analysis from EPRA (2016a) 
 
2016 was a strong year for the global property markets, with aggregate global direct property 
investment delivered an 8% total return performance. Over a 5-year holding period basis, direct 
property offered a return of 7% p.a. (UBS, 2016). As shown in Table 2.3, the majority of 
property markets in Asia-Pacific (regional average annual returns = 9.48% p.a.), North 
America (9.79% p.a.) and Africa (13.32% p.a.) delivered excess returns as compared to the 
global average. However, the majority of property markets in Europe (6.83% p.a.) 
underperformed the global average over the 5-year period basis. Further, there was a clear 
outperformance in several property markets against the global aggregate on a 5-year basis, such 
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as Ireland (17.33% p.a.), Indonesia (16.76% p.a.), South Africa (13.32% p.a.) and New Zealand 
(11.02% p.a.). A mixture of developed and emerging property markets, namely, Australia 
(10.84% p.a.), the US (10.55% p.a.), Sweden (9.87% p.a.) the UK (9.85% p.a.), Malaysia 
(9.81% p.a.), Thailand (9.43% p.a.) and Canada (9.04% p.a.) were also recorded having higher 
relative total returns over the 5-year investment period.  
 
Table 2.3 Performance of Global Property Markets: 2016 
Average annual total returns  
  1-year return 5-year return  1-year return 5-year return 
Europe 8.22% 6.83% Asia-Pacific  8.04% 9.48% 
Austria  5.70% 5.87% Australia  11.82% 10.84% 
Belgium  5.57% 5.64% China*  6.16% 6.47% 
Czech Republic  8.28% 6.26% Hong Kong*  7.14% 9.34% 
Denmark  7.67% 5.60% Indonesia*  7.44% 16.76% 
Finland  6.25% 5.64% Japan  7.46% 6.92% 
France  8.08% 6.90% Korea  7.70% 7.77% 
Germany  7.51% 6.17% Malaysia*  6.94% 9.81% 
Hungary  6.21% 3.56% New Zealand  11.87% 11.02% 
Ireland 12.67% 17.33% Singapore*  6.36% 7.91% 
Italy  3.81% 3.08% Taiwan*  6.58% 8.04% 
Netherlands  11.02% 4.72% Thailand*  8.98% 9.43% 
Norway  10.40% 8.08%    
Poland  4.58% 5.41% North America 6.86% 9.79% 
Portugal  11.85% 5.93% Canada 6.07% 9.04% 
Spain  14.30% 6.84% United States 7.66% 10.55% 
Sweden  14.04% 9.87%    
Switzerland  6.23% 6.17% Africa 11.25% 13.32% 
UK  3.89% 9.85% South Africa 11.25% 13.32% 
Source: Author’s analysis from MSCI database (2017). Note: * = as at Q4:2015. 
 
Listed property vehicles (e.g. listed property companies, real estate investment trusts (REITs)) 
are one of the property investment conduits that have been gaining traction and tend to appeal 
to small and mid-size retail investors seeking exposure to property. The high divisibility of 
listed property stocks has solved one of the main barriers to entry in traditional direct property 
investment; that is, the high capital requirement. Apart from that, being a publicly-listed 
company within the centralised marketplace of the stock market provides higher liquidity and 
transparency for investors. Given significant investor interest in listed property vehicles, the 
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market capitalisation of the global listed property market reached over $2.6 trillion in 2016, 
accounting for over 9% of the total global investable property market (EPRA, 2016a). 
 
Table 2.4 presents the profile of the global listed property market at December 2016. The 
European listed property market accounted for a fraction of global listed property market 
capitalisation ($411 billion; 16% of global listed property market capitalisation). In contrast, 
the Americas region ($1,094 billion; 43%) constitutes the largest percentage of global listed 
property market capitalisation, with the US listed property market alone (#1; $980 billion) 
being larger than the combined European markets, and contributing 16% of the universe’s 
worth. The listed property investment vehicle has been a particularly popular way for investors 
to achieve their property exposure in the Asia-Pacific, with listed property market capitalisation 
($1,020 billion) representing 5% and 12% of the total Asia-Pacific stock market and total 
investable property, respectively. Four Asia-Pacific countries dominate the top-5 largest listed 
property markets (China (#2; $276 billion), Japan (#3; $214 billion), Hong Kong (#4; $164 
billion) and Australia (#5; $95 billion). This includes the major property companies and REITs 
in these Asia-Pacific markets, including China (e.g.: Evergrande, Vanke), Japan (e.g.: Nippon 
Building, Japan Real Estate), Hong Kong (e.g.: Link, Champion) and Australia (e.g.: Scentre, 
Westfield). 
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Table 2.4 Global Listed Property Markets: 2016 
  
Total listed RE 
($ B) 
No. of REITs Listed RE/stock 
market (%) 
Listed RE/total 
RE (%) 
Asia-Pacific  1,020 231 5 12 
Australia 95 48 9 14 
China 276 - 5 9 
Hong Kong 164 8 4 59 
India 12 - 0.9 3 
Indonesia 23 1 6 10 
Japan 214 50 4 9 
South Korea 2 4 0.1 0.3 
Malaysia 29 15 7 26 
New Zealand 5 8 8 6 
Philippines 43 - 17 76 
Singapore 92 36 19 31 
Taiwan 13 5 1 10 
Thailand 52 55 14 46 
Pakistan 0.3 1 0 1 
Europe 411 149 3 4 
Austria 7 - 7 4 
Belgium 13 16 3 6 
Denmark 2 1 0.4 1 
Finland 11 1 5 9 
France 74 28 4 6 
Germany 46 3 3 3 
Greece 1 2 4 1 
Ireland 3 3 2 2 
Italy 5 2 1 1 
Netherlands 33 5 8 8 
Norway 8 - 4 3 
Poland 3 - 2 1 
Portugal 1 - 1 1 
Russia 2 - 1 0.3 
Spain 24 4 4 4 
Sweden 39 - 6 15 
Switzerland 50 36 3 16 
Turkey 9 21 4 3 
United Kingdom 80 27 2 6 
Americas 1,094 256 4 11 
Brazil 18 26 3 2 
Chile 2 - 1 2 
Mexico 19 11 5 4 
Canada 74 55 4 9 
United States 980 164 4 13 
Global 2,525 636 4 9 
Source: Author’s compilation and analysis from EPRA (2016a; 2016b) 
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One of the significant developments in the property investment realm in the last 50 years has 
been the introduction of the REIT investment regime. There are three crucial features forming 
the foundational structure of REIT that makes it unique and appealing; namely, (1) the transfer 
of management burden, (2) tax transparency and (3) distribution requirements. This allows 
investors to take advantage of a “purer” yield-oriented property exposure compared to listed 
property companies with their property development focus, whilst maintaining the ordinary 
stock-like wrapper. Most importantly, support from governments through the enactment of 
REIT legislation has been pivotal in securing REITs’ success as a significant and robust listed 
property investment vehicle. Over 40 countries have REIT legislation in place to support the 
development of their REIT markets (Figure 2.1).  
 
Figure 2.1 Timeline of REIT Legislation Introduction 
Source: UBS (2016), EPRA (2016b) 
 
The last 20 years have seen REIT markets grow from only four jurisdictions in the pre-1990s 
to more than 30 jurisdictions. There are now in excess of 600 REITs in operation globally 
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across these 30 jurisdictions, with the global REIT universe market capitalisation standing at 
$1.7 trillion in 2016 (EY, 2016). The US REIT market ($1 trillion) alone accounts for 60% of 
the global REIT market capitalisation (NAREIT, 2016). The US (1960), the Netherlands (1969) 
and Australia (1971) were the early adopters of REIT-like property investment structures, with 
these markets now being amongst the mature global REIT markets. Given the significant 
appetite for listed property vehicles amongst Asia-Pacific investors, the proliferation of REITs 
began much earlier in the Asia-Pacific than in Europe (Figure 2.2). This saw many Asia-Pacific 
jurisdictions introducing REIT legislation as early as at the turn of the century (e.g. Singapore 
(1999), Japan (2000), South Korea (2001), Taiwan (2003), Hong Kong (2003), Malaysia 
(2005)), with many Asia-Pacific countries acquiring market participants not long after the 
legislation was introduced. 
 
Figure 2.2 Timeline of REIT Launches 
Source: UBS (2016), EPRA (2016b) 
 
Further recognition of the stature of the global listed property investment space was evident in 
September 2016 when two leading index providers, Morgan Stanley Capital International 
(MSCI) and Standard and Poor’s (S&P), moved to recognise property as a dedicated sector 
under the Global Industry Classification Standard (GICS) (EPRA, 2016c), in which property 
was previously grouped in the broad “Financials” class. Property is now the 11th index sector 
in the GICS, alongside traditional listed investment categories such as financials, energy, 
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healthcare, telecommunication and infrastructure. A dedicated GICS for property further 
validates the distinctiveness of listed property in the context of total investment returns and 
diversification benefits. The listed property sector (both listed property companies and REITs) 
accounted for 3.4% of the MSCI All Countries World Index (ACWI) in December 2016 
(MSCI, 2016). 
 
In terms of performance, the global listed property sector (both listed property companies and 
REITs) delivered an average annual return of 8.1% over 2016, compared to an appreciation of 
9.9% for the global stock market and a surplus of 2.9% for global fixed income over the same 
period. North America (11.4% p.a.) was the best-performing regional listed property sector, 
surpassing the Asia-Pacific (9.3% p.a.) and Europe (-4.5% p.a.). Over a medium-term 
investment horizon, global listed property consistently outperformed both the global stock 
markets and fixed income on 3-year and 5-year bases. Over the long-term investment horizon, 
the annualised 10-year and 20-year rolling returns for the global listed property sector stood at 
4.5% and 8.4%, respectively, while the global stock market gained 5.0% and fixed income 
instruments achieved a 4.0% return per annum over the same period, indicating that 
competitive returns are offered by listed property compared to traditional stocks and bonds. 
 
Table 2.5 Global Listed Property Performance: 2016 
Asset 
Average annual total returns (%) 
1 yr 3 yrs 5 yrs 10 yrs 20 yrs 
Listed property 8.1% 16.7% 15.0% 4.5% 8.4% 
Asia-Pacific 9.3% 8.8% 13.0% 3.3% 5.8% 
Europe -4.5% 12.6% 15.3% 0.3% 8.5% 
North America 11.4% 8.8% 13.0% 3.3% 5.8% 
Stocks 9.9% 7.2% 12.6% 5.0% 6.7% 
Bonds 2.9% 4.2% 3.2% 4.0% 4.6% 
Source: EPRA (2016d) 
 
As the property market embraces globalisation and is increasingly active in the cross-border 
and cross-continental investment arenas, the transparency and accessibility of property 
information is vital to various stakeholders, especially for asset managers and investors. This 
is important, as a transparent property market is one of the key factors contributing to increased 
investor confidence, and informs the strategic property investment decisions of investors. Some 
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of the criteria of a transparent property market include the quality and depth of property market 
performance indices and reporting, efficient planning and legal systems, ownership security 
and protection, as well as robust property transaction processes.  
 
Statistics from the JLL (2016) Global Real Estate Transparency Index show that global 
property markets have becoming more transparent in many countries throughout the world. 
Table 2.6 presents data on the transparency ranking, global competitiveness, corruption 
perception and GDP growth of property markets for 2016. Developed and advanced property 
markets had higher levels of transparency compared to emerging property markets. In addition, 
the European region possessed a higher level of property market transparency compared to the 
Asia-Pacific and Americas. European property markets dominated the high transparency (6 out 
of 10 countries) and transparent rankings (14 out of 20 countries), with the UK (#1) having the 
most transparent property market. Other major European property markets such as France (#5), 
the Netherlands (#7) and Germany (#9) also possessed highly-transparent property markets. 
Only Canada (#3) and the US (#4) represent the Americas region, and both of them had high 
transparency rankings. 
 
The overall level of property market transparency in the Asia-Pacific region is still very low, 
although over the last decade it has seen considerable improvements in emerging and frontier 
property markets. This represents a very positive outlook for the stature of Asia-Pacific 
property investment, especially amongst institutional investors seeking Asia-Pacific property 
exposure as part of their regional and global high-growth investment strategies. There is still 
room for improvement in the property market transparency of developed Asia-Pacific property 
markets such as Hong Kong (#15) and Japan (#19). Australia (#2) and New Zealand (#6) were 
the only two Asia-Pacific property markets in the global top ten transparent markets. On a 
different note, Taiwan (#14) and Malaysia (#28) should be considered as good transparency 
role models for other emerging and frontier Asia-Pacific markets.  
 
Overall, both high transparency and transparent property markets accounted for 75% of the 
global investable property market, translating to a value exceeding $20 trillion. Lesser 
economic growth in national economies is evident from the marginally positive GDP growth; 
an average of 2.3% for highly transparent markets and 2.1% for transparent markets, as global 
economies make a full recovery from the economic uncertainty of 2016.   
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Table 2.6 Global Property Market Transparency Rankings: 2016 
Transparency 
level 
Rank Market Global 
competitiveness 
Corruption 
perception 
GDP 
growth 
High 
transparency 
1 United Kingdom #7 #10 1.8% 
2 Australia #22 #13 2.5% 
3 Canada #15 #9 1.4% 
4 United States #3 #18 1.6% 
5 France #21 #23 1.2% 
6 New Zealand #13 #1 4.0% 
7 Netherlands #4 #8 2.0% 
8 Ireland #23 #19 5.2% 
9 Germany #5 #10 1.7% 
10 Finland #10 #3 1.4% 
Transparent 
11 Singapore #2 #7 2.0% 
12 Sweden #6 #4 3.3% 
13 Poland #36 #29 2.8% 
14 Switzerland #1 #5 1.3% 
15 Hong Kong #9 #15 1.9% 
16 Belgium #17 #15 1.2% 
17 Denmark #12 #1 1.1% 
18 Norway #11 #6 1.0% 
19 Japan #8 #20 1.0% 
20 Czech Republic #31 #47 2.4% 
21 Italy #44 #60 0.9% 
22 Spain #32 #41 3.2% 
23 Taiwan #14 #31 1.4% 
24 Austria #19 #17 1.5% 
25 South Africa #47 #64 0.3% 
26 Hungary #69 #57 2.0% 
27 Portugal #46 #29 1.4% 
28 Malaysia #25 #55 4.2% 
 29 Slovakia #65 #54 3.3% 
 30 Romania #62 #57 4.8% 
Source: Author’s compilation from JLL (2016), WEF (2016), TI (2016) & IMF (2016) 
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Apart from property market transparency, improved market competitiveness and anti-
corruption are being given priority in these markets; these being the key ingredients to 
attracting more investors. JLL (2016) highlights a strong correlation between property market 
transparency and the level of corruption; transparent property markets are normally associated 
with lower levels of corruption. This, in turn, translates into better global competitiveness 
amongst transparent property markets. The World Economic Forum (WEF) publishes an 
annual index which ranks a country’s competitiveness based on twelve elements. The WEF 
(2016) defines a country’s competitiveness as a “set of institutions, policies and factors that 
determine the level of productivity of a country, which in turn sets the level of prosperity that 
the country can earn”. Developed property markets with a high level of property market 
transparency tend to be more competitive and less corrupt than emerging property markets.  
 
Whilst composed of predominantly emerging and frontier markets, the Asia-Pacific has been 
the forerunner in contributing to global property momentum (Table 2.7), signifying the 
continuous improvement by various Asia-Pacific jurisdictions in improving their property 
market competitiveness and attractiveness. Five Asia-Pacific cities ranked in the top ten cities 
globally in the JLL City Momentum Index (JLL, 2017a), with 16 of the top-30 rated cities 
being in the Asia-Pacific region. Frontier Asia-Pacific cities such as Bangalore (#1), Ho Chi 
Minh City (#2) and Hyderabad (#5) have stronger momentum than advanced cities in Europe 
(such as London (#6), Paris (#17) and Stockholm (#30)), and in the Americas (Austin (#7), 
Boston (#9), New York (#14)).  
 
The JLL (2017b) Investment Intensity Index, which assesses the ratio between the economic 
size and volume of direct property investment, sees the four of the top five ranks being 
dominated by European markets (Oslo (#1), London (#2), Munich (#3), Edinburgh (#4)), with 
Silicon Valley (#5) being the only non-European city. Sydney (#8) and New York (#9) are the 
only representatives for the Asia-Pacific and Americas, respectively, in the top-ten ranking of 
the Investment Intensity Index, while the rest are European cities. Overall, in the current 
challenging global economic climate, having a high level of property market transparency and 
a competitive business environment are considered advantageous, especially amongst 
emerging markets, in order to ensure that they are not left behind by the rapidly-evolving global 
economy. 
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Table 2.7 City Momentum and Investment Intensity Index: 2016 
Rank City Momentum Index Investment Intensity Index 
1 Bangalore Oslo 
2 Ho Chi Minh City London 
3 Silicon Valley Munich 
4 Shanghai Edinburgh 
5 Hyderabad Silicon Valley 
6 London Frankfurt 
7 Austin Dublin 
8 Hanoi Sydney 
9 Boston  New York 
10 Nairobi Copenhagen 
Source: JLL (2017a, 2017b) 
 
Commercial property has become an important asset class in the portfolios of global investors, 
alongside the growth in the investable property market observed in the earlier section. Provided 
that the growth trend momentum continues, it is forecast that the global property markets will 
be almost double their 2011 value within the next four years, with the total market size expected 
to reach $48.7 trillion by 2021 (Figure 2.3). This will see the Asia-Pacific market contributing 
39% ($19.1 trillion) of the total property market value, a growth of 165% from 2011. This huge 
contribution by the Asia-Pacific market is a manifestation of the significant growth in its 
emerging property markets, such as has occurred in China, India, Indonesia and Vietnam in 
recent years. These growths are expected to continue to accelerate in the coming years.  
 
The European regional property market is projected to grow to a sizeable $13.3 trillion, or 27% 
of the total market size, a healthy increase of 41.5% from 2011. The US and Canada ranked 
third, with a contribution of 24% of the market size, translating to $11.69 trillion in total worth. 
Further on to 2031, it is predicted that the global property market will expand by approximately 
189% ($92.10 trillion), with a large volume contributed by the Asia-Pacific market (49%), 
followed by Europe (22%) and the US/Canada (20%). Latin American and Gulf countries 
maintain their presence in the bottom rankings, with 7% and 2% shares respectively.  
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Figure 2.3 Global Real Estate Market Size: 2011, 2021 and 2031 
 
Source: PREI (2012) 
 
The demand for property is at an all-time high, as property is perceived to deliver stable income 
and competitive total returns, while enticing strong capital inflow. Investors have benefitted 
strongly from increased exposure in property, and the same could also be said for property fund 
managers, who have seen their property assets under management (AUM) increase 
significantly in recent years, driven both by significant capital inflow from investors and the 
capital appreciation of their property assets (PFR, 2016). This makes the property asset class a 
significant component of alternative investment allocation strategies for many investors, 
particularly in the US and Europe.  
 
The thriving global commercial property market and the increased appetite for property 
exposure over the past few years have contributed towards the positive growth of global 
managed property funds, with the property AUM of leading global managers reaching an all-
time high of $2.2 trillion (INREV, 2016a) compared to $1.4 trillion five years ago (INREV, 
2012a). Table 2.8 presents the top ten global property fund managers, with the value of their 
property AUM, and a breakdown of their property portfolio AUM by region. This shows the 
top ten global property fund managers to have over $894 billion in AUM, representing a 42% 
market share of the property AUM of global fund managers. The list is dominated by US and 
Europe-based fund managers; particularly with the wide acceptance of property as an 
investment asset class across these two regional property investment landscapes, with leading 
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roles played by Brookfield ($149 billion), Blackstone ($147 billion), THRE/TIAA ($120 
billion), CBRE GI ($89B) and UBS AM ($73B). At 49% ($435 billion), property assets located 
in the Americas made it the highest-ranked region in terms of the AUM of the top ten fund 
managers, followed by the European (25%; $225 billion), global (20%; $182 billion) and Asia-
Pacific regions (6%; $52 billion). This is clear evidence of many of the leading property fund 
managers having global mandates. 
 
Table 2.8 Top Ten Property Fund Managers by Asset Size: 2016 
Rank Fund manager Total AUM Europe APAC Americas Global 
1 Brookfield $149.1 B $19.3 B $6.7 B $98.7 B $24.5 B 
2 Blackstone $146.9 B $31.4 B $6.4 B $15.2 B $94.0 B 
3 THRE/TIAA $120.3 B $27.5 B $1.4 B $91.3 B $0.0 B 
4 CBRE GI $88.6 B $44.8 B $7.4 B $36.4 B $0.0 B 
5 UBS AM $73.3 B $24.6 B $11.6 B $30.8 B $6.3 B 
6 AXA IM $65.1 B $37.6 B $0.6 B $2.5 B $24.5 B 
7 JP Morgan AM $65.0 B $5.4 B $1.2 B $58.4 B $0.0 B 
8 Invesco $64.2 B $6.7 B $4.9 B $40.8 B $11.7 B 
9 Pramerica REI $63.5 B $5.7 B $4.9 B $45.3 B $7.6 B 
10 LaSalle $58.1 B $22.2 B $6.8 B $15.6 B $13.5 B 
Source: INREV (2016a) 
 
2.2. GLOBAL COMMERCIAL PROPERTY TRANSACTIONS 
The global property market is accessing the excess liquidity driven by the over-abundance of 
global investor capital, evident by the robust property transaction activity of the last five years. 
Investors are seeking to gain more exposure in alternative investment assets that are less likely 
to be influenced by the volatility of the stock market. Apart from that, property’s attractive 
yield (CBRE, 2017), strong total return performance, and the high investor confidence that 
property will continue to perform (Preqin, 2016a), have contributed to the significant amount 
of capital flowing into the global property market. This section describes the stature of the 
global property investment activity by assessing global commercial property transactions over 
2012-2016. 
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Figure 2.4 depicts the annual transaction volume of global commercial properties from 2012-
2016. The volume of the global income-producing commercial property marketplace is 
substantial, with the total transaction volume for the full year of 2016 recorded at $860 billion 
(RCA, 2017). This is a full 47% increase on 2012’s total property transaction volume of $583 
billion. Close to 30,000 individual or portfolio properties with a value of more than $5 million 
were transacted in 75 countries. The trend line shows a continuous increase in global 
transaction volumes from 2012 to 2015 where it peaked at $967 billion, before receding in 
2016. This was in line with the lacklustre growth in the global economy in 2016. 
 
A full breakdown of the figures sees the Americas as the most active region contributing to the 
global transaction volume (50%; $430 billion)), being significantly ahead of the European, 
Middle East and Africa (EMEA) at 33% ($284 billion) and the Asia-Pacific at 17% ($ 146 
billion). However, the statistics also show that the property transaction volume in 2016 failed 
to surpass the 2015 value of $967 billion. The EMEA region experienced a 26% decline in 
property transaction volume (2016: $284 billion versus 2015: $348 billion); the worst amongst 
the three regions. This may be attributable to a series of economic fallouts in the European 
region (e.g. European sovereign debt crisis, Grexit, Brexit) which have reduced the overall 
confidence in the European investment market. Even though some of the impacts were seen to 
spill over into other regions as well, the falls were smaller in the Asia-Pacific, at 5% (2016: 
$146 billion versus 2015: $155 billion) and Americas, at 9% (2016: $430 billion versus 2015: 
$474 billion).  
 
Figure 2.4 Global Income Commercial Property Transaction Volume: 2012-2016  
 
Source: Author’s compilation from RCA database (2012-2016) 
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While the data show clear regional differences in the global property transaction volume, with 
the Asia-Pacific being the smallest contributor, some of the high profile property transactions 
of 2016 took place in the Asia-Pacific. The Shanghai Century Link (China) office building was 
the most expensive single-property transaction in 2016. The buyer, ARA Asset Management, 
paid over $3 billion for 100% ownership of the property. The purchase of Asia Square Tower 
1 (Singapore; $2.5 billion) by the Qatar Investment Authority was in 2nd place, globally. The 
most expensive transaction of income-producing single-property in the Americas region was 
for the AXA Equitable Centre (New York; #3 globally), which was added to the property 
portfolios of CalPERS for $1.9 billion. In Europe, the Blanchardstown Centre (UK; #13 
globally) was acquired for $1.1 billion by Blackstone, and was the region’s most expensive 
single-property transaction. 
 
Table 2.9 presents the top ten largest markets by their total income-property transaction 
volumes over 2015-2016. The US (#1) property market maintained its popularity with both 
local and international institutional investors, with US property transactions totalling $402 
billion in 2016. This made the US the most active property market, accounting for 47% of 
global transaction activities in 2016. Decomposing this significant property transaction activity 
sees the office sector (30.6%) leading the apartment sector (30.0%), while the total combined 
transactions of retail, industrial and hotel property contributed 39.4% towards overall US 
transaction activity. 
 
In Europe, developed European property markets were recorded as dominating the most-active 
global property markets (5 out of 10), but given the lack of appetite for European commercial 
properties, major markets such as the UK, Germany and France have experienced declines in 
their transaction activity compared to 2015. The impact of Brexit also saw Germany (#2) 
overtaking the UK (#3) as the most active European property market.  
 
In 2016, China (#4) overtook Japan (#6) and Australia (#7) as the Asia-Pacific country with 
the highest total transaction volume ($37 billion, a 32% increase on 2015), and was the only 
Asia-Pacific property market to record a surplus in year-to-year transaction activities. The 
positive transaction trends from 2015-2016 seen in China (#4 from #7), Canada (maintained at 
#8), Sweden (#9 from #10) and Spain (#10 from #11) were due to increases in capital 
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deployment amongst investors in these countries. This resulted in increased demand for high 
quality income-producing properties. 
 
Table 2.9 Top Ten Largest Income Property Transaction Markets: 2015-2016 
Country 
2016 2015 
Rank $ Rank $ 
U.S. 1 $402 B 1 $440 B 
Germany 2 $60 B 3 $69 B 
U.K. 3 $60 B 2 $98 B 
China 4 $37 B 7 $28 B 
France 5 $30 B 5 $33 B 
Japan 6 $29 B 4 $42 B 
Australia 7 $24 B 6 $29 B 
Canada 8 $18 B 8 $16 B 
Sweden 9 $17 B 10 $14 B 
Spain 10 $16 B 11 $12 B 
Source: Author’s compilation from RCA database (2015-2016) 
 
The US commercial property market was the main attraction for significant investment activity 
in 2016, and some of its major cities were also major focuses of 2016 commercial property 
investment activity (Figure 2.5). Major US cities were the top three most active property 
markets globally, led by New York City (#1; $60 billion), Los Angeles (#2; $35 billion) and 
San Francisco (#3; $30 billion). London (#4; $28 billion) was Europe’s most active city, with 
Paris (#5; $23 billion) also listed in the top ten most active cities globally. Tokyo (#9; $16 
billion) was the only Asia-Pacific city to be listed in the top ten, with Shanghai (#12; $15 
billion) and Hong Kong (#15; $13 billion) only making the top-20 list.  
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Figure 2.5 Most Active Property Markets Globally: 2016  
 
Source: RCA (2017) 
 
Looking at the main property sector transaction volumes over 2012-2016 (Figure 2.6), it is 
easily recognisable that the office sector remains the strongest contributor to overall global 
property transaction activity, driven by solid demand from investors in this sector. The office 
sector contributed an average of 39% to global transaction volumes over 2012-2016.  However, 
compared to the previous year, only the apartment sector (2016: $198 billion versus 2015: $193 
billion) was recorded as improving on 2015 volumes. Other sectors recorded a reduction in 
transaction activity, in line with an overall reduction in global property transaction activity. 
The retail sector was the most affected by this reduced capital inflow, down by 27% (2016: 
$163 billion versus 2015: $203 billion), while the hotel sector contracted by 25% (2016: $69 
billion versus 2015: $87 billion). Although the global industrial sector transaction volume was 
reduced by 18%, improvement was recorded in the European regional market due to increased 
investment activity in the small logistics sector (RCA, 2017).  
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Figure 2.6 Global Income Property Transaction Volume by Sector: 2012-2016  
 
Source: Author’s compilation from RCA database (2012-2016) 
 
Figure 2.7 depicts the composition of property investors over 2012-2016. In 2016, cross-border 
investors (30%) accounted for almost one-third of total global property acquisitions, while 
private (28%) and institutional (26%) investors accounted for slightly less. From 2015 to 2016, 
both private (from 23% to 28%) and institutional (from 25% to 26%) investors increased their 
acquisition activities, while cross-border investor acquisition activity declined (from 34% to 
30%). REITs and listed property companies continued to minimise their property acquisition 
activity over the past five years, from a peak of 21% in 2013 to a five-year low of 12% in 2016. 
Interestingly, the trend over 2012-2015 shows that the increased acquisitions by cross-border 
investors correlated with the overall increase in global transaction volume, suggesting that 
cross-border investment activity has a strong influence towards global property investment 
activity. Thus, the decrease in the global transaction volume that occurred in 2016 may be 
explained by the decrease in cross-border investment activity. 
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Figure 2.7 Global Income Property Investor Composition: 2012-2016  
 
Source: Author’s compilation and analysis from RCA database (2012-2016) 
 
2.3. PROPERTY IN GLOBAL INSTITUTIONAL INVESTOR PORTFOLIOS 
The extreme volatility in capital markets and the unattractive returns from fixed-income 
instruments over the past few years have resulted in a large number of institutional investors 
taking drastic steps to rebalance their portfolios, giving greater emphasis to alternative asset 
classes with better risk-return trade-offs. The rudimentary portfolio composition of stocks and 
fixed-income instruments were optimised by institutional investors, with many seeking to 
improve performance and maximise diversification by supplementing existing portfolios with 
other assets with better risk-return profiles. This new approach to portfolio construction has 
spurred the growth of alternative investment offerings such as property, infrastructure, 
commodities, private equity, hedge funds and natural resources. 
 
Even with the strong competition with other alternative asset classes in the investment universe, 
property has emerged as one of the most important institutional asset-class investments. Direct 
property investment and indirect private property equity have become the investment structures 
preferred by institutional investors seeking to achieve exposure to this asset class and fulfil 
their long-term commitments (CBRE, 2017). This has resulted in significant growth being 
recorded in the size of global property asset allocation, due to the increased participation of 
institutional investors. As shown in Table 2.10, property accounted for 8.5% ($951.1 billion) 
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of top 100 global investors AUM, with property being approximately 7.8% ($356.9 billion) in 
the top 10 global investor portfolios. Aside from directly investing in property, institutional 
investors now have various options to invest in the private property market, ranging from 
unlisted property funds, joint ventures, club deals and funds of funds (INREV, 2012a).  
 
Table 2.10 Top Ten Global Property Investors by Property AUM: 2016 
Rank Investor Country Type Property asset % of AUM 
1 ADIA UAE SWF $59.4 B 7.5% 
2 Allianz Germany Insurance $54.0 B 7.6% 
3 APB Netherlands Pension fund $43.8 B 9.3% 
4 CPPIB Canada Pension fund $35.3 B 13.2% 
5 CDPQ Canada Investment fund $32.1 B 16.0% 
6 CalPERS US Pension fund $30.1 B 9.6% 
7 CalSTRS US Pension fund $29.5 B 13.9% 
8 Government Pension Fund  Norway Pension fund $28.8 B 3.2% 
9 PGGM Netherlands Pension fund $22.0 B 11.0% 
10 National Pension Service South Korea Pension fund $21.9 B 4.5% 
 Top 10 global investors $356.9 B 7.8% 
 Top 50 global investors $778.1 B 8.6% 
 Top 100 global investors $951.1 B 8.5% 
Source: Author’s compilation from I&P RE (2017) 
 
Property features prominently in institutional portfolios, and its allocation has been increasing 
over the past few years. Its current average allocation as a percentage of total AUM has 
increased from 6.7% in 2011 to 9.5% in 2015, with the target allocation being closer to 10% 
(Preqin, 2016a). A survey on global institutional investors by PREA (2015; Figure 2.8) shows 
differences in average property allocation rates across regions. Institutional investors in North 
America (10.3%) and Europe (10%) have higher property concentrations in their investment 
portfolios compared to their counterparts in the Asia-Pacific (6.8%). This is poised to grow 
further as institutional investors across these regions are committed to increase property’s 
allocation by approximately 100 basis points in the near future, with institutional investors in 
North America having a more bullish outlook on the property asset class.  This sizeable 
allocation in property assets is seen as aligning with institutional investors’ investment 
objectives, particularly pension funds, which have long-term liability-focused investment 
strategies. Such investments benefit from the ability of property asset classes to deliver superior 
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returns and diversification benefits compared to other traditional asset classes over longer 
terms.  
 
Figure 2.8 Institutional Investors’ Allocation to Property by Region: 2015 
 
Source: PREA (2015) 
 
Figure 2.9 depicts the current and target property allocations for various types of institutional 
investors. It is clear that all institutional investor groups are still well below their target property 
allocation, with the average difference between current and target property allocation across 
these institutional investor groups being 1.9%. This presents a strong potential for significant 
property investment in the future by these institutional investor groups. Liability-driven 
institutional investors with long-term investment horizons have higher allocation in property 
compared to those with less long-term commitment. Public pension funds (9.0%), 
superannuation funds (8.6%) and private sector pension funds (7.9%) are the top three 
institutional investor groups with significant property investment in their portfolios.  
 
Institutional investors are committed to increasing their allocation in property assets, with 
target allocations averaging 9.1% across all institutional investor groups. While the current 
allocation rate shows a higher concentration of property in portfolios of institutional investors 
with long-term investment objectives, the target allocation rate across the different types of 
institutional investors is less significant. This signifies that institutional investors have high 
confidence that the property asset class can contribute effectively to their significant investment 
portfolios, irrespective of their investment objectives and timeframes. 
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Figure 2.9 Institutional Investors Allocation to Property by Investor Type: 2015 
 
Source: Preqin (2016a) 
 
Figure 2.10 presents the volume of institutional property acquisition activity over 2012-2016. 
For the whole of 2016, the total property acquisition volume made by institutional investors 
globally was worth $108 billion, and involved 2,146 income-producing properties acquired in 
both domestic and cross-border transactions. In line with the global transaction trend, the office 
sector was the most preferred property sector amongst institutional investors, with office 
properties accounting for 51% ($56 billion) and 29% (629 properties) of the total acquisition 
volume and number of properties, respectively. Further, both retail (24%; $26 billion) and 
apartment sectors (12%; $13 billion) were the second- and third-most transacted sectors over 
2016 by volume, although by the number of transacted properties, the apartment sector (569 
properties) surpassed the retail sector (502 properties) to become the 2nd-most sought-after 
property sector amongst institutional investors.  
 
Similar results are also evident across the five-year timeframe, with the office sector 
consistently being the favourite sector of institutional investors. While the same also holds for 
the retail sector over 2012-2015, the upsurge of institutional investors’ interest in the apartment 
sector in 2016 came at the expense of reduced acquisition activity for the retail sector. On a 
different note, both the industrial and hotel sectors only represent a small proportion of 
institutional investors’ acquisition activity over the past five years. 
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Figure 2.10 Institutional Investor Property Transaction Volume by Sector: 2012-2016 
 
Source: Author’s compilation and analysis from RCA database (2012-2016) 
 
Table 2.11 tabulates the top ten institutional investors with the most active property acquisition 
activity in 2016. Asia-Pacific-based institutional investors occupy four of the top ten ranks, 
with three representatives from Europe, two from the US and one from the Middle East. The 
Singaporean Government investment arm, GIC, was the most active institutional investor in 
the property acquisition space globally and in the Asia-Pacific, acquiring over 90 income-
producing properties with a total acquisition volume of over $5 billion. The retail sector was 
the main acquisition theme for GIC in 2016 and formed the majority of its significant 
acquisition portfolio, which included the $730 million G-Square retail space in South Korea 
and the $696 million Joy City retail centre in Beijing. Interestingly, GIC also joint ventured 
with China Life (#2 globally; $5.2 billion acquisition volume; 9 properties acquired) to acquire 
the $713 million Joy City in Shanghai; this property being the 2nd-most expensive property 
bought by China Life in 2016. The most significant acquisition belongs to the Shanghai 
Century Link ($3 billion; office tower; China). 
 
With a total property AUM of over $88 billion, CBRE (#3; $4.8 billion; 127 properties) was 
recorded as the most active institutional investor in the Americas property acquisition 
landscape, with its 2016 global acquisition activities being largely concentrated in European 
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based institutional investors in 2016 was Blackstone (#4; $4.7 billion; 120 properties). The 
previously mentioned Blanchardstown Centre ($1,066 million; retail; Ireland) was the highest 
priced property transaction in Europe for 2016. The remaining top three acquisitions by 
Blackstone included the Capital Tower ($413 million; office; South Korea) and Treptowers 
($254 million; office; Germany) as part of its Blackstone Real Estate Partners Europe IV JV 
fund. 
 
In Europe, Patrizia was the most active European-based property purchaser, acquiring 188 
income-producing properties with a total acquisition volume of $4.5 billion over 2016. Several 
significant acquisitions were centred mainly in Europe, such as the $760 million Commerzbank 
Tower in Germany, the $182 million Astro Tower in Belgium and the $158 million The Oval 
in Ireland, all of which are office properties. 
 
Table 2.11 Top Ten Institutional Investors by Property Acquisition Volume: 2016  
Rank Investor Country Type Volume 
1 GIC Singapore Sovereign wealth fund $5,489 million 
2 China Life China Insurance $5,115 million 
3 CBRE  US Fund manager $4,745 million 
4 Blackstone  US Fund manager $4,676 million 
5 Patrizia Germany Fund manager $4,545 million 
6 Amundi France Fund manager $3,766 million 
7 QIA UAE Sovereign wealth fund $3,671 million 
8 China Investment China Sovereign wealth fund $3,643 million 
9 ARA AM Singapore Fund manager $3,530 million 
10 Deka Bank Germany Bank $3,013 million 
Source: Author’s compilation from RCA database (2016) 
 
It is worth noting that the majority of institutional investments are derived from pension funds 
due the increasing mandate from investors driven by factors such as population ageing, and the 
increasing awareness amongst the global population of the importance of having a secure 
income during retirement (Newell, 2010). In terms of total asset value, pension funds are well 
ahead compared to their institutional counterparts. Their asset value in 2016 exceeded $36 
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trillion and is forecast to increase further to $45 trillion by 2020 (Tower Watson, 2017) as more 
and more pension funds seek investment assets that can fulfil their liability-driven investment 
commitments.  
 
Figure 2.11 presents the global and top 300 pension funds’ total asset values over the period 
2012-2016, while profiling the AUM of the top ten global pension funds. The total asset value 
of global pension funds reached more than $36 trillion as at December 2016, an impressive 
increase of 20% compared to 5 years ago (at only $30 trillion). A similar trend can be seen in 
the top 300 pension funds’ asset values over the past five years, with a significant increase of 
7% to $15 trillion in 2016, from only $14 trillion in 2012. This resulted in the total pension 
fund assets being worth 62% of global GDP.  
 
Based on statistics from Tower Watson (2017), in terms of year-to-year growth, global pension 
fund total assets have increased at an average annual rate of 3.8% from 2012-2016. The growth 
rate in China over 2015-2016 (20.3%) was much higher than the global average, while pension 
funds in Japan only increased 5.4%. Defined Contribution (DC) assets are prominently featured 
in global pension funds’ AUM, with DC assets in 2016 accounting for 48% of total global 
pension assets, compared with around 41% in 2006. This is a manifestation of the rapid growth 
for DC assets, which have grown at an average of 5.6% over the last five years, compared to 
just 2.6% for Defined Benefit (DB) assets.  
 
Asia-Pacific pension funds dominated the top ten largest pension funds list (four out of ten) 
followed by three pension funds from each of the European and North American regions (Table 
2.12). With $1,264 billion in total AUM, the Japanese Government Pension Investment Fund 
(GPIF) tops the rankings. The Norwegian Government Pension Fund ($859 billion) ranks 
second overall with a markedly lower total AUM compared to GPIF. The Netherland’s ABP 
occupies the third position with $444 billion of total AUM, followed by the South Korean 
National Pension Fund (NPS; $409 billion) in fourth place. Fifth place, with $302 billion AUM, 
belongs to the US’ California Public Employees fund (CalPERS). This results in the top five 
pension funds accounting for 75% ($3,118 billion) of the top ten pension funds’ total AUM. 
On the other hand, the bottom five pension funds in the list account for 25% ($1,039 billion), 
using the same measure.  
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Figure 2.11 Pension Funds Total Asset Value: 2012-2016  
 
Source: Author’s compilation from Tower Watson (2017) 
 
Table 2.12 Top Ten Pension Funds by AUM: 2016 
Rank Fund Market AUM ($) 
1 Government Pension Investment Fund Japan $1,264 B 
2 Government Pension Fund Global  Canada $899 B 
3 National Pension Service South Korea $489 B 
4 ABP Netherlands $471 B 
5 CalPERS US $315 B 
6 Canada Pension Plan  Canada $267 B 
7 National Social Security China $247 B 
8 CalSTRS US $212 B 
9 Central Provident Fund Singapore $208 B 
10 PGGM Netherlands $200 B 
Source: Author’s compilation from various pension fund websites (2016) 
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significant institutional property investors. Based on Preqin’s database on institutional 
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institutional investor groups with significant property allocation include insurance companies 
(23%) and fund managers (15%). Government-backed public pension funds ($681 billion) 
possessed twice the amount of capital invested in property compared to private sector pension 
funds ($340 billion).  
 
Based on Preqin’s database of 772 public pension funds and 1,005 private sector pension funds, 
the property asset class is clearly a vital component in their significant investment portfolios, 
with 87% of all public and 73% of all private sector pension funds currently investing in this 
asset class. Public and private sector pension funds are the highest institutional investor groups 
with investments in property, compared to other institutional investor groups such as insurance 
companies (68%), sovereign wealth funds (60%) and family offices (48%). The upsurge in 
property investment activity amongst pension funds is driven mainly by the strong performance 
of property, and institutionally-sourced capital (primarily from pension funds) is expected to 
continue to be invested in property in the coming years (Preqin, 2016b). This indicates that 
property is considered to be an important investment asset class for fulfilling the long-term and 
diversified investment mandates of pension funds. 
 
Figure 2.12 Capital-Weighted Global Institutional Investors in Property: 2016 
 
Source: Preqin (2016b) 
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Table 2.13 presents the global top ten pension funds according to property asset size. Pension 
funds in North America have significant property assets in their portfolios, and occupy six spots 
in the top ten list, with the remainder occupied by European pension funds. Due to their 
typically insignificant level of property investment, only one Asia-Pacific pension fund made 
the list. Most importantly, the over-abundance of capital owned by these large pension funds 
allows them to obtain part of their significant property exposure through direct investment, and 
this is evident by their significant property transaction activities. The more significant levels 
of property in the US and European pension funds largely reflects their more extensive 
experience with property compared to the Asia-Pacific pension funds. 
 
Dutch ABP allocated 9% ($44 billion) of its significant AUM to property, making it the pension 
fund with the most property assets not only in Europe, but worldwide. Several high profile 
property assets in the ABP international property portfolio are the Ritz-Carlton Hotel (acquired 
for $533 million in 2006; Spain), the Wilshire Courtyard (acquired for $423 million in 2012; 
US) and the Stovner Centre (acquired for $257 million in 2013; Norway). In second place is 
the Canada Pension Plan (CPP), with its property assets accounting for 13% ($35 billion) of its 
total AUM; making it the pension fund with the most property assets as a percentage of total 
AUM. This is partly because CPP has been a net acquirer of property assets, with 1,086 
properties acquired, and only 60 properties disposed of, in the last 2 years. The CPP global 
property portfolio holdings span 14 countries in North America, Europe, the Asia-Pacific and 
South America, with significant investments in major cities such as Sydney, London and Los 
Angeles.  
 
CalPERS (#3) allocated a sizeable $30 billion (10% of total AUM) in the property asset class, 
with a large appetite for the retail sector. Several recent high-profile investments reflect 
CalPERS’s preference for the retail sector, such as the $1,100 million acquisition of the Miracle 
Mile retail centre in October 2016 and the Quaker Bridge Mall for $338 million; both of these 
properties are located in the US. Similarly, CalSTRS’s (#4) investment portfolio is composed 
of 15% ($29.5 billion) property. A breakdown of its core property portfolio shows significant 
investment in the office and apartment sectors across various regions in the US. CalSTRS’s 
overseas property assets in the UK and Germany only accounted for 6% of their total property 
portfolio. CityWest Place ($400 million; office), GSK Centre ($338 million; R&D) and 60 
London Wall ($302 million; office; UK) are amongst the most significant core property assets 
of CalSTRS. 
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As for the Norwegian Government Pension Fund (#5; $29 billion; 3% of total AUM), 
investment in property assets outside Europe was only mandated in January 2013. Hence, only 
3% of the total AUM was composed of property investment. This included several recent and 
significant property acquisitions in the US, such as the $684 million acquisition for a 45% stake 
in the office buildings in 470 Park Avenue South and 475 Fifth Avenue, New York, plus an 
additional $600 million for five properties owned by TIAA-CREF across the US. Its property 
assets in the US now provide a much-needed geographical diversification strategy for its 
European-dominated property portfolio. PGGM (#6; $22 billion property; 11% of total AUM) 
is the third-largest European pension fund by property portfolio size. Its $22 billion property 
portfolio is being largely invested in 162 quality commercial properties across 43 cities and 
five countries in Europe and North America. A large proportion of its property investments are 
located in Amsterdam, Dallas and Washington DC.  
 
The Asia-Pacific pension fund with the most significant property portfolio was the South 
Korean National Pension Service – NPS (#7; $22 billion; 4% of total AUM). The NPS has 
been diversifying its investment portfolio through the acquisition of high quality overseas 
assets; amongst others, a $1.3 billion investment in London’s HSBC Tower, and a $950 million 
investment in properties at 230 and 300 Park Avenue, Manhattan. The NPS property strategy 
has expanded into core, value-added and opportunistic unlisted property funds managed by top 
fund managers such as Pramerica, Townsend and Blackstone. 
 
Table 2.13 Top Ten Pension Funds by Property Asset Size: 2016 
Rank Investor Country Property Assets % of AUM 
1 ABP Netherlands $43.8 B 9% 
2 Canada Pension Plan  Canada $35.3 B 13% 
3 CalPERS US $30.1 B 10% 
4 CalSTRS US $29.5 B 14% 
5 Government Pension Fund  Norway $28.8 B 3% 
6 PGGM Netherlands $22.0 B 11% 
7 National Pension Service South Korea $21.9 B 4% 
8 Public Sector Pension  Canada $19.7 B 15% 
9 Ontario Teachers’ Pension Plan Canada $19.6 B 13% 
10 Florida State Board  US $18.0 B 10% 
Source: Author’s compilation from I&P RE (2017) 
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The Malaysian Employee Provident Fund (EPF; $9 billion property; 5% of total AUM) is the 
only emerging market pension fund with a significant property investment portfolio. EPF has 
been praised for its profitable overseas property investment, with a recorded return on 
investment exceeding $400 million at the end of 2016. This is in part due to aggressive high 
quality property acquisitions over the past few years, such as the 20% stake in the UK’s 
Battersea Power Station ($126 million), the 60% share with Goodman Group in various 
properties in Berlin, Munich, Frankfurt and Australia ($600 million), amongst others. EPF is 
also considered to be one of the most active Asia-Pacific pension funds in terms of property 
transaction activity, with 32 properties acquired and 29 properties sold in the past two years.  
 
Overall, this section highlights the significance of property investment in the portfolios of 
global institutional investors, with particular focus on the property portfolios of global pension 
funds. The distinct investment characteristic of property continues to attract institutional capital 
into this sector. Notwithstanding the 2016’s challenging economic climate, it is expected that 
the property sector to continue receiving a significant institutional capital inflow in 2017, with 
a minimum of $59 billion potential investment into the global property sector (INREV, 2017a). 
 
2.4. GLOBAL UNLISTED PROPERTY FUND UNIVERSE 
While institutional investors traditionally obtain their property exposure via direct investment, 
unlisted property funds (UPFs) are amongst the alternative conduits that have been gaining 
ground over the last decade, and they now form a large portion of institutional portfolios 
(Georgiev et al. 2003). Investors have always affirmed the benefits of UPFs and this is evident 
in the significant growth of this sector in recent years. Strong investor interest and consistent 
growth have made UPFs one of the fundamental property investment vehicles (Fuerst and 
Matysiak, 2013). This section will assess the characteristics and significance of global UPFs. 
 
2.4.1. Definition and General Characteristics 
Unlisted property funds can be characterised as a specialised indirect property investment 
vehicle set up specifically to commit investors’ capital to the property market (Hoesli and 
Lekander, 2008). They are also known as commingled real estate funds (CREFs) in the US, 
private equity real estate funds (PERE) in Europe and unlisted wholesale funds (UWFs) in 
Australia. The structure of the vehicle itself consists of at least three investors undertaking a 
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predetermined investment strategy to invest in property assets (INREV, 2012a). The main entry 
barrier of investing in property, that is, the large capital requirement, has been more or less 
reduced through the pooling of investors’ capital, giving investors the opportunity to diversify 
into various assets spanning multiple sectors, locations and strategies. Compared to traditional 
listed property investments, such as REITs or listed property companies, UPFs offer investors 
access to experienced fund managers with strong track records and a total return focussed in a 
low volatility investment environment. Although UPFs are categorised as an unlisted property 
investment vehicle, they differ from direct property vehicles (e.g.: JV, separate accounts, club 
deals) in that investors indirectly gain property exposure by obtaining shares in a fund, as well 
as having limited participation in the management function of the fund,  
 
However, the lack of a centralised marketplace for public trading means UPFs inherit one of 
the drawbacks of direct property investment – the lack of liquidity and information flow 
(Petkunas and Mueller, 1998). This leads to UPFs being regarded as an inefficient investment 
asset, as the robust demand and supply trading mechanism is practically non-existent, with net 
asset value (NAV) being the sole reflection of UPFs’ investment value. The choice of fund 
structure (open-end, closed-end) also impacts investment liquidity. Being an unlisted 
investment structure also contributes to the issue of transparency due to the lack of legislative 
oversight, whereby UPF managers are not compelled to publicly disclose any information 
pertaining to their funds. 
 
2.4.1.1. Investment Strategy and Fund Style 
Normally, UPFs are allowed to adopt different investment strategies across a broad investment 
risk-return spectrum. This allows UPFs to either prioritise a defensive investment strategy (at 
the lowest-end of the spectrum), or pursue an aggressive high growth strategy (at the higher-
end of the risk-return scale). The choice of investment strategies allows UPFs to populate their 
portfolios with property assets at various stages in their life-cycles, employ various value-
enhancement strategies, and implement different leverage levels to enhance overall fund 
performance (Trimailova, 2007). This, in return, defines the investment style of UPFs. Figure 
2.13 presents the risk-return characteristics of different fund styles along the security market 
line. 
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Figure 2.13 Unlisted Property Fund Styles 
 
      
      
      
    
 
 
 
  
Source: Adapted from CBRE (2014), Russell (2014) and INREV (2012b) 
 
Typically, investors are able to choose between three main types of UPF styles; core, value-
added and opportunity, based on their risk-return preference. Investing in core UPFs is 
considered as the least risky investment, with strategies including the acquisition of income-
producing traditional property assets (less than 85% of gross asset value; GAV) with high 
occupancy rates. Core UPFs are also characterised by limited exposure to speculative property 
assets (less than 5% of GAV) and low leverage levels (less than 40% of GAV). At the next 
level of risk-return are core-plus UPFs, which were introduced as a bespoke version of core 
UPFs with emphasis on the capital growth component, thus enhancing returns compared to 
pure core UPFs (Suarez and Vasallo, 2005).  
 
Value-added UPFs aim to provide investors with enhanced total returns using a balanced 
income (income producing asset = 60-70% of GAV) and capital appreciation generation 
(speculative asset accounts for less than 25% of GAV) with moderate use of leverage (40-60% 
of GAV). A number of property asset enhancement strategies, such as active risk management, 
property repositioning and redevelopment exercises, are carried out to add value to the property 
portfolio. Opportunity UPFs, on the other hand, involve the acquisition of non-traditional 
properties that require extensive development or redevelopment as well as expert management 
to enhance their value. Being the riskiest style, return generation is contributed mostly by 
capital appreciation (speculative asset = 60%+ of GAV). This style has the tendency of using 
moderate to high financial leverage (60%+ of GAV; INREV, 2012b). Figure 2.14 compares 
the investment styles of UPFs, REITs and listed property companies, and shows that UPFs 
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cover a wider range of the risk-return spectrum than the two listed property investment 
vehicles. 
 
Figure 2.14 Style Coverage of Unlisted and Listed Property Vehicles 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Source: Adapted from INREV (2017b) 
 
2.4.1.2. Fund Structure 
Unlisted property funds exist in either open-end or closed-end structures. Basically, open-end 
UPFs have no fixed capital limit and are thus able to accept new investors, allow investment 
withdrawal through redemption, and do not have a fixed termination date. In contrast, UPFs 
with closed-end structures have a pre-determined maturity date; until which, invested capital 
is locked in. While open-end UPFs provide more liquidity for investors through the redemption 
facility, the flexibility in the amount of invested capital may require open-end UPF managers 
to constantly acquire and dispose of property assets to meet the liquidity requirement, incurring 
high entry and exit costs in the process. However, this was not the case for core UPFs during 
the GFC when the property market was under extreme pressure, and many UPFs incurred 
increased debts and reduced cash flows, thus had to freeze the redemption facility. Investors’ 
ability to redeem capitals also limits the investment style that open-end UPF managers can 
adopt, with open-end UPFs normally targeting the less risky core and core-plus styles. This is 
in contrast with closed-end UPFs, whose inflexible structure allows UPF managers to actively 
manage their funds, thus allowing UPFs to adopt investment styles on the upper end of the risk-
return spectrum (e.g. value-added, opportunity). However, closed-end UPFs with high 
exposure in development/speculative property assets need to have a robust termination strategy 
to ensure that they can harness the optimum property value at the peak of the property asset 
lifecycle (INREV, 2012b; Pensions Institute, 2013). 
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2.4.1.3. Alignment of Interest  
A strong investor-manager relationship is vital, in that the alignment of interests between the 
two parties must remain strong, particularly when they have different sets of objectives to 
achieve (i.e. investment performance vs management and performance fees). INREV (2012a) 
noted the changing environment of UPF management styles post-GFC, with investors now 
being increasingly vocal about having greater participation in decision-making processes 
regarding UPF investment directions. Stronger alignment of interests has also been evident in 
UPFs established in the post-GFC period, whereby managers have started to partly contribute 
to the UPF capital pool. Further, overall fund managers’ fees have become structured around 
the performance of the fund, whereas previously this was only limited to out-performance fees. 
This requirement for control and alignment of interest by the larger investors has seen the 
increased popularity of direct property investment, including separate accounts, JVs and club 
deals. 
 
2.4.1.4. Transparency and Accessibility of Information 
 
In the past, there was an overwhelming concern about the high lack of transparency of the UPF 
sector. Many investors questioned the lack of available UPF information, which is a vital part 
of strategic investment decision-making processes. Similarly, researchers were concerned by 
the lack of transparency of fund managers in disclosing information, which was poorer than 
that for the publicly-listed property investment sector, and even the direct property investment 
sector. 
 
The situation has markedly improved with the establishment of the European Association for 
Investors in Non-Listed Real Estate Vehicles (INREV) and Asian Association for Investors in 
Non-Listed Real Estate Vehicles (ANREV). These professional bodies represent the European 
and Asia-Pacific unlisted property investment sectors respectively, complementing the 
National Council of Real Estate Investment Fiduciaries (NCREIF) in the US. These self-
regulatory bodies have pleased both researchers and investors, as their main objectives are to 
promote transparency, accuracy, accessibility and alignment of the interests of participating 
members, as well as being the main source of research and market information on UPFs at 
domestic, regional and global levels.  
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Since their establishment, INREV, ANREV and NCREIF have been very proactive in their 
efforts to enhance the accessibility and transparency of the unlisted property investment space. 
One of the most important strategies to improve transparency undertaken collectively by these 
three organisations was the publication of the Europe, Asia-Pacific and US UPF ex-post 
performance indices, available on both quarterly and annual bases. Their concerted efforts also 
initiated the Global Real Estate Fund Index (GREFI), the leading benchmark for the global 
UPF sector. This is a fundamentally important step in enabling comparative performance 
analysis with other investment asset classes. Further, a joint effort by INREV, ANREV and 
NCREIF aimed to improve the quality of governance amongst their members and participating 
funds. This is evident in a series of guidelines published by them, particularly concerning 
professional standards, property valuation, performance measurement and fee structure. Going 
forward, initiatives that are already in place, and future improvements that will be undertaken 
by INREV, ANREV and NCREIF (e.g. compliance, corporate governance best practice, 
greater alignment of interest), will definitely improve the global standards of the unlisted 
property investment industry. 
 
The databases of INREV, ANREV and NCREIF are also significant in terms of their UPF 
market coverage. As at December 2016, the INREV (2017c) database accounted for 53% ($196 
billion database GAV) of the total European UPF sector ($367 billion), while ANREV (2017) 
covered 70% ($97 billion) of the total Asia-Pacific sector ($137 billion) and the NCREIF 
(2017) database accounted for 65% ($196 billion) of the Americas UPF sector ($302 billion). 
Details on the UPF markets are provided in the next section. These INREV, ANREV and 
NCREIF indices will form the basis for the empirical analysis in this thesis. 
 
2.4.2. The Significance of Global Unlisted Property Funds 
As mentioned earlier, UPFs are being seriously considered by institutional investors as their 
primary vehicles for either obtaining or increasing their property exposure. The UPF-style 
property investment structure is favoured by institutional investors due to the fact that they can 
benefit from fund managers’ experience and expertise in providing effective diversification 
strategies and robust property portfolio management practices. This is particularly important 
to small- and medium-sized institutional investors that are limited in terms of both management 
capability and capital resources, which constrain their ability to strategically acquire and 
manage a diverse range of properties via the traditional means of direct property investment.  
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The combined value of the global unlisted property investment universe, which is comprised 
of UPFs, joint ventures and club deals, separate accounts, unlisted debts and funds of funds, 
stood at $1.7 trillion in 2016. Unlisted property investment vehicles are an important 
component of global fund manager property portfolios, accounting for 81% of the total 
property investment AUM. This significant value corresponds to a total of 3,510 active unlisted 
property investment vehicles (and funds) throughout 2016. The total GAV for the global 
unlisted property investment sector was obtained based on a survey done with the collaboration 
of INREV, ANREV and NCREIF of over 140 global property fund managers; this being the 
most reliable way to estimate the size of the unlisted property investment sector. Figure 2.15 
displays the value of unlisted property investment vehicles over 2012-2016. The size of the 
unlisted property investment universe has been steadily increasing, with the universe’s worth 
in 2016 being 54% larger than it was in 2012 ($1.1 trillion).  
 
It is also readily observable that UPFs have been the largest unlisted property investment 
vehicle in the last five years, representing more than half of the aggregate value of the unlisted 
property universe. In 2016, there were 1,496 UPFs managed globally (43% of active vehicles), 
translating to a total value of over $944 billion (54% of unlisted property vehicle AUM). This 
signifies that UPFs are the most preferred vehicle structure amongst investors in the unlisted 
property investment space, as reflected in the AUM of global fund managers. 
 
Figure 2.15 Unlisted Property Investment Vehicle AUM by Vehicle Type: 2012-2016  
 
Source: Author’s analysis from INREV-ANREV-NCREIF Fund Manager Survey (2012-2016) 
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Figure 2.16 presents the investor composition of unlisted property investment vehicles over 
2012-2016. Institutional investors were the most prominent type of investor in the unlisted 
property investment universe. Institutionally-sourced capital consistently represented over 
80% of the total capital invested over 2012-2016. This is not surprising, given the over-
abundance of global institutional investor capital in the investment market that has been 
unsurpassed by retail investors. On a different note, efforts undertaken by INREV, ANREV 
and NCREIF at improving the alignment of interests between fund managers and investors 
appears to have been effective and successful, with a sizeable percentage of fund manager co-
investment in unlisted property vehicles being recorded over 2012-2016. Most importantly, 
fund managers’ contributions to the capital pool almost doubled in 2016 ($51.6 billion) 
compared to 2012 ($25.9 billion). Accordingly, manager co-investment accounted for 3% of 
the AUM of unlisted property investment vehicles in 2016. Typically, manager co-investment 
can be 5-10% of AUM, depending on style of funds. 
 
Figure 2.16 Unlisted Property Investment Vehicle AUM by Investor Type: 2012-2016  
 
Source: Author’s analysis from INREV-ANREV-NCREIF Fund Manager Survey (2012-2016) 
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property vehicles belonging to pension funds was consistently over 40% over the past five 
years, with the total GAV of pension fund investments in unlisted property investment vehicles 
standing at $788 billion (44% of total AUM) in 2016. Other prominent institutional investors 
in 2016 included insurance companies (12%; $221.3 billion) and sovereign wealth funds (10%; 
$178.3 billion). Unsurprisingly, the significant allocations with several types of institutional 
investors, particularly pension funds and insurance companies, is seen as a strong alignment 
between the risk-return attributes of the unlisted property investment sector and the long-term 
liability-driven investment style adopted by these institutional investors. The statistics also 
show the cumulative contributions of smaller institutional investors such as investment banks, 
corporations, not-for-profit organisations and high net wealth individuals, which represented 
30% of the total capital invested in unlisted property investment vehicle AUM in 2016. 
 
Figure 2.17 Unlisted Property Investment Vehicle AUM by Institutional Investor Type: 
2012-2016  
 
Source: Author’s analysis from INREV-ANREV-NCREIF Fund Manager Survey (2012-2016) 
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show a decrease in capital allocation to European strategies compared to the allocations 
recorded between 2012-2015. This may be attributable to the various economic issues that 
plagued the region last year. In contrast, higher allocations to both the Asia-Pacific (2016: 15% 
versus 2015: 12%) and American (2016: 32% versus 2015: 27%) strategies over the same 
period were evident, indicative of capital flight from the European UPF regional market to the 
Asia-Pacific and US markets as part of fund managers’ risk mitigation strategies. 
 
As the number of UPFs active globally in 2016 (1,496) was relatively unchanged compared to 
2012 (1,549), the increasing AUM indicates that UPFs have been shifting towards a larger 
individual fund size structure over the past five years. On a regional basis, there were 966 active 
European-domiciled UPFs (65% of global UPFs) reported by fund managers in 2016, followed 
by the Asia-Pacific with (277 UPFs; 19%), the Americas (177 UPFs; 12%) and globally-
diversified funds (76 UPFs; 5%). Interestingly, capital concentration was more pronounced in 
American UPFs, due to the small number of funds relative to the size of the GAV.  
 
Figure 2.18 Global UPF GAV by Regional Strategy: 2012-2016  
 
Source: Author’s analysis from INREV-ANREV-NCREIF Fund Manager Survey (2012-2016) 
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styles by region, with divergent risk-return preferences evident across regions. For instance, 
the Asia-Pacific (57%) UPF strategy had higher percentages of total regional GAV in value-
added and opportunity UPFs. In contrast, both Europe (76%) and the Americas (80%) preferred 
core-style UPFs. Regional segmentation is evident, with the Asia-Pacific region comprised 
mainly of emerging property markets. This could explain their higher amount of UPF GAV in 
riskier investment styles compared to Europe and the Americas, providing institutional 
investors with exposure to property with high-growth potential. 
 
Figure 2.19 Global UPF GAV by Fund Style: 2012-2016  
 
Source: Author’s analysis from INREV-ANREV-NCREIF Fund Manager Survey (2012-2016) 
 
Table 2.14 tabulates the top ten global property fund managers with a breakdown of their 
property AUM according to the composition of various property investment vehicles. 
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billion) remained the three largest globally in 2016. While the total AUM for unlisted property 
investment vehicles featured prominently in the portfolio of the top ten property fund managers 
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e.g., Blackstone (#2; 78% of total property AUM in UPFs; $115 billion UPF GAV), JP Morgan 
AM (#7; 79%; $51 billion) and Pramerica REI (#9; 74%; $47 billion). 
 
Table 2.14 Top Ten Global Fund Managers by Total Property AUM: 2016 
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1 Brookfield $149.1 B 23.0% 0.2% 52.3% 0.0% 2.6% 22.0% 
2 Blackstone $146.9 B 78.4% 14.3% 0.0% 0.0% 5.4% 1.8% 
3 THRE/TIAA $120.3 B 8.2% 8.9% 1.3% 0.0% 0.7% 80.9% 
4 CBRE GI $88.6 B 28.1% 43.5% 1.3% 3.7% 0.0% 23.4% 
5 UBS AM $73.3 B 42.9% 10.3% 0.0% 9.0% 4.0% 33.8% 
6 AXA IM $65.1 B 19.6% 51.9% 12.0% 0.0% 16.6% 0.0% 
7 JP Morgan AM $65.0 B 79.2% 19.6% 1.0% 0.0% 0.2% 0.0% 
8 Invesco $64.2 B 29.1% 52.0% 0.9% 0.0% 0.0% 18.0% 
9 Pramerica REI $63.5 B 73.8% 15.9% 0.0% 0.0% 2.7% 7.6% 
10 LaSalle $58.1 B 16.9% 56.6% 2.1% 0.0% 1.1% 23.2% 
Source: Author’s compilation from INREV (2016a) 
 
Table 2.15 presents the fund managers with 2016’s top ten-largest UPF GAVs, together with a 
breakdown according to UPF investment style and strategy (as percentages of their total UPF 
GAV). Together, the top ten UPF fund managers accounted for 46% ($434 billion) of the $944 
billion UPF universe in 2016. The top ten UPF fund managers managed a total of 224 active 
UPFs worldwide; this being 52% of their active unlisted property investment vehicles (and 
funds) and 15% of the total active number of UPFs (1,496) currently being managed globally. 
The majority of the top ten UPF fund managers had higher allocations in the least risky core-
style UPFs (63% of total top ten UPF GAV) compared to other styles with higher risk-return 
attributes. This is consistent with the overall composition of globally-managed UPFs, of which 
64% used the core style in 2016. Some of the top ten UPF fund managers managed 100% core 
UPFs (Deka, Union Investment) or had more than 50% of their UPF GAV in core-style funds 
(JP Morgan, Pramerica, Credit Suisse, UBS AM, Morgan Stanley). 
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In terms of regional strategy, regional exposure in the Americas region amongst the top ten 
UPF managers (39% of total top ten UPF managers’ GAV; $169 billion) was slightly ahead of 
both European (30%; $129 billion) and globally-diversified strategies (28%; $123 billion). 
Four of the top ten managers had more than 50% of their GAV in property assets located in the 
Americas region (JP Morgan, Pramerica, UBS AM).  Three UPF managers had more than 50% 
of their GAV in European property assets (Deka, Union, Credit Suisse), while two UPF 
managers chose to have more than half of their GAV invested in a globally-diversified UPF 
strategy (Blackstone, Brookfield). Notably, none of the top ten UPF managers had significant 
allocations in an Asia-Pacific strategy.  A possible explanation for this is the lack of optimistic 
UPF investment styles among the top ten global UPF managers. The UPF managers targeting 
more optimistic investment styles tended to have their UPF GAV in a globally-diversified 
strategy (Blackstone, Brookfield, Morgan Stanley) to avoid concentration risk in the Asia-
Pacific region. 
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Table 2.15 Top Ten Global UPF Managers: 2016 
Rank Fund manager Total UPF GAV 
Investment style Regional strategy 
Core Value-added Opportunity 
Asia-
Pacific Europe Americas Global 
1 Blackstone $115.2 B 15.3% 0.0% 84.7% 5.40% 24.90% 5.30% 64.40% 
2 JP Morgan $51.5 B 86.6% 10.6% 2.8% 1.90% 3.80% 94.30% 0.00% 
3 Pramerica $46.8 B 87.2% 12.1% 0.7% 7.30% 4.60% 88.10% 0.00% 
4 Deka $35.1 B 100.0% 0.0% 0.0% 0.00% 85.80% 0.00% 14.20% 
5 Brookfield $34.3 B 31.5% 7.1% 61.5% 0.00% 0.00% 46.00% 54.10% 
6 Union Investment $33.4 B 100.0% 0.0% 0.0% 0.00% 52.40% 0.00% 47.60% 
7 Credit Suisse $32.1 B 91.5% 1.0% 0.0% 2.10% 90.40% 7.50% 0.00% 
8 UBS AM $31.4 B 95.2% 4.6% 0.2% 0.20% 23.20% 76.60% 0.00% 
9 Morgan Stanley $28.9 B 66.3% 0.0% 33.7% 0.00% 1.20% 66.20% 32.60% 
10 CBRE GI $24.9 B 57.6% 22.4% 20.0% 5.20% 48.80% 46.00% 0.00% 
Source: Author’s compilation and analysis from INREV (2016a)
62 
 
Table 2.16 presents the top ten fund managers with the highest UPF GAV in the Asia-Pacific 
(Panel A), European (Panel B) and American (Panel C) regions, with a breakdown of their 
investment style composition. Most importantly, these top ten fund managers, in each of the 
regions, constituted more than half of the total GAV for regional strategy. 
 
In 2016, there were a total of 65 UPFs managed by the ten largest Asia-Pacific fund managers, 
being 25% of the available Asia-Pacific domiciled UPFs (265 UPFs), with their Asia-Pacific 
GAV corresponding to 60% of the total fund managers’ Asia-Pacific GAV. As noted earlier, 
the Asia-Pacific region constituted only a small percentage of the total GAV of global UPFs, 
with the majority of the Asia-Pacific UPF GAV allotted extensively to value-added and 
opportunity UPFs. This was also observed in the top ten Asia Pacific UPF fund managers, 
where 56% of the total UPF GAV was contributed by both value-added and opportunity UPFs. 
As the Asia-Pacific region is composed largely of emerging property markets undergoing 
extensive property development activities, this presents a major opportunity for institutional 
investors with higher tolerance to risk. However, several fund managers from developed Asia-
Pacific property markets such as Australia (Lendlease, AMP Capital, ISPT, GPT) remained 
committed to providing core exposure in their UPF funds.   
 
In Europe, the total GAV of the top ten UPF managers constituted 52% ($191 billion) of the 
total GAV allocation for European strategies. Several regional fund managers were among the 
largest UPF managers using European strategy (Deka Immobilien, Credit Suisse, Standard 
Life, Union Investment, M&G Real Estate, Deutsche, Aberdeen AM). Most of the UPF 
managers provided investors with a pure core-style UPF, with several managers using full 
allocation in the core investment style (Deka Immobilien, Standard Life, Union Investment, 
M&G Real Estate, Deustche AM, Aberdeen AM). Only Blackstone was seen to be 
opportunistically investing in Europe-by investing in emerging Central and Eastern European 
countries with high property growth potential (Poland, Hungary, Czech Republic). 
 
In the Americas, the top ten fund managers’ GAV accounted for 73% ($219 billion) of GAV 
and 50% (88 UPFs) of the total number of American UPFs, with their funds heavily 
concentrated in core investment style. The majority of UPF managers had more than 50% of 
their UPF GAV in core-style investments (9 out of 10), while 27 out of 88 of American 
domiciled UPFs were core-style investments.  
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Table 2.16 Top Ten UPF Managers by Region: 2016 
Rank Fund manager Total UPF GAV Core Value-added Opportunity 
Panel A: Asia-Pacific 
1 CapitaLand  $13.8 B 0.0% 33.5% 66.5% 
2 Lendlease   $12.4 B 91.8% 8.2% 0.0% 
3 AMP Capital  $9.1 B 100.0% 0.0% 0.0% 
4 ISPT  $8.1 B 100.0% 0.0% 2.7% 
5 GPT $7.2 B 100.0% 0.0% 0.0% 
6 PAG Real Estate  $6.7 B 0.0% 25.4% 74.6% 
7 Alpha  $6.4 B 0.0% 0.0% 100.0% 
8 Gaw  $6.4 B 0.0% 100.0% 0.0% 
9 Blackstone  $6.1 B 0.0% 0.0% 100.0% 
10 BlackRock  $5.4 B 4.7% 0.0% 95.3% 
Panel B: Europe 
1 Deka Immobilien   $30.1 B 100.0% 0.0% 0.0% 
2 Credit Suisse  $29.0 B 98.9% 1.1% 0.0% 
3 Blackstone   $28.7 B 8.9% 0.0% 91.1% 
4 Standard Life   $21.2 B 100.0% 0.0% 0.0% 
5 Union Investment   $17.5 B 100.0% 0.0% 0.0% 
6 M&G Real Estate  $14.5 B 100.0% 0.0% 0.0% 
7 Deutsche AM  $13.1 B 100.0% 0.0% 0.0% 
8 AXA IM  $12.5 B 76.2% 18.1% 5.7% 
9 CBRE GI  $12.1 B 99.2% 0.8% 0.0% 
10 Aberdeen AM  $12.1 B 100.0% 0.0% 0.0% 
Panel C: Americas 
1 JP Morgan  $48.6 B 88.8% 11.2% 0.0% 
2 Pramerica REI  $41.2 B 87.0% 12.3% 0.7% 
3 UBS AM  $24.1 B 95.8% 4.2% 0.0% 
4 Clarion  $20.4 B 74.7% 22.9% 2.4% 
5 Morgan Stanley  $19.1 B 99.9% 0.0% 0.1% 
6 Brookfield  $15.8 B 68.5% 15.4% 16.1% 
7 Global Logistic  $14.6 B 88.5% 8.6% 2.9% 
8 Invesco  $13.6 B 79.6% 11.2% 9.3% 
9 CBRE GI  $11.5 B 11.3% 46.1% 43.5% 
10 AEW  $11.1 B 74.5% 11.2% 14.4% 
Source: Author’s compilation and analysis from INREV (2016a) 
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Preqin’s (2017a) institutional database shows that investment via the unlisted property vehicle 
was the preferred method of institutional investors (Figure 2.20). In particular, the majority of 
North American institutional investors (84%) obtained their property exposure via unlisted 
property, significantly more than their listed (34%) and direct investments (24%). Similarly, 
amongst institutional investors in Europe, the unlisted property vehicle was the most utilised 
method for getting into the property market (68%), closely followed by direct investment 
(57%), with listed property being the route less travelled (25%). In the Asia-Pacific, 
institutional investors still preferred to invest via traditional direct property (62%). On a 
weighted-average basis, institutional investors preferred unlisted property (75%) as their main 
property investment vehicle structure. 
 
Figure 2.20 Institutional Investors’ Preferred Property Market Vehicle by Region: 2016 
 
Source: Preqin (2017a) 
 
Figure 2.21 presents the number of UPFs successfully closed, and the corresponding aggregate 
capital raised over 2012-2016. Further increases in this number of closed funds is expected, as 
fundraising activities have grown significantly with capital raised via year-to-year 
accumulation. This improvement has been contributed to by increased institutional investors’ 
appetite for property investment, together with an over-abundance of institutional capital. 
Statistics from Preqin (2017b) estimate that the total capital raised as at the end of 2016 
remained relatively strong, with the figure reaching $117 billion compared to just $79 billion 
five years ago. Some 272 UPFs successfully closed throughout 2016. Also. the last ten years 
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proved to have been very busy for global fund managers due to the increased institutional 
demand for unlisted property investment product, marked by a high amount of fundraising and 
closing of funds activities (Table 2.17). Blackstone (#1) was the most active fund manager over 
the ten-year period; one of its headline fundraising activities was the successful closure of the 
largest-ever unlisted property funds, the Blackstone Real Estate Partners VIII (multi-region; 
distressed/opportunistic; $15.8 billion). The fund saw $14.5 billion (92%) of its total raised 
capital was contributed from institutional investors, while the rest was raised from retail 
investors. It was successfully closed oversubscribed in Q2:2015. 
 
Figure 2.21 Number of UPFs Closed and Total Capital Raised: 2012-2016 
 
Source: Preqin (2017b) 
 
The trend of capital concentration and the emergence of large-sized UPFs was also significant, 
evident from the higher capital raised-to-closed funds ratio. The average amount of capital 
raised per fund stood at $430 million, which is significantly higher than 2012’s figure of $252 
million. Together, a total of 1,509 funds were established and $417 billion in capital was raised 
from 2012-2016.  Further expansion of the UPF market is expected in the near future as more 
UPF managers actively seeking to include more assets in their property portfolios. A survey by 
Preqin (2016c) of 200 fund managers found that 35% of them intended to invest significantly 
more capital than they had committed in previous years, thus showing an overall positive 
sentiment by managers towards opportunities in private property investment, particularly in the 
UPF market. On a regional basis, 63% of fund managers in North America planned to increase 
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their property asset acquisitions, while 59% of European and 50% of Asia-Pacific fund 
managers planned to do the same. Positive investor perception of private property markets will 
also contribute to further growth in the size of this vehicle. The same level of enthusiasm was 
also observed amongst institutional investors; 25% of the 150 institutional respondents 
interviewed by Preqin (2017a) indicated that they will increase capital commitment to private 
property vehicles in 2017, while the majority of respondents (51%) were comfortable with their 
significant investments in private property. 
 
Table 2.17 Top Ten UPF Managers by Capital Raised in the Last 10 Years 
Rank Fund manager Total capital raised No. of funds closed 
1 Blackstone $82.3 B 13 
2 Lone Star $51.0 B 9 
3 Brookfield $25.0 B 7 
4 Morgan Stanley $20.0 B 4 
5 Goldman Sachs $14.9 B 6 
6 Starwood $13.9 B 5 
7 Carlyle $13.5 B 5 
8 AXA $12.8 B 18 
9 CBRE $12.2 B 19 
10 LaSalle $11.4 B 19 
Source: Preqin (2016d) 
 
Apart from the positive attitude amongst unlisted property investment managers, the size of 
cash or cash-equivalent reserves (“dry powder”) to support further expansion and acquisition 
of future property assets was also on the rise. Figure 2.22 depicts the increasing trend in the 
size of UPFs’ dry powder over 2012-2016. The dry powder of global UPFs continued to surpass 
the previous year’s record for the last five years, with the total dry powder in 2016 standing at 
$237 billion, a 74% increase on 2012 ($136 billion; Preqin, 2017b). By assuming a loan-to-
value ratio of 50%, the total investment capacity wielded by global unlisted property 
investment fund managers was equivalent to $472 billion (UBS, 2016). As shown in Panel A, 
a significant portion of this sum belonged to North American funds (56%; $133 billion), 
followed by Europe (27%; $63 billion), Asia-Pacific (13%; $32 billion) and other markets ($9 
billion). Also, UPFs adopting a more optimistic risk-return investment strategy possessed more 
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headroom for future property asset investment (Panel B), with opportunistic UPFs accounting 
for more than one-third of the total dry powder in the past 5 years. Major global managers had 
large amounts of unused capital available for further asset acquisition; for instance, Lone Star 
($18.5 billion), Blackstone ($12.7 billion) and PIMCO ($12.7 billion) were the top three 
managers according to the size of their dry powder. This reflects further opportunities for 
property investment by UPFs going forward, where this dry powder can be utilised. 
 
Figure 2.22 Unlisted Property Funds’ Dry Powder: 2012-2016 
Panel A: Region 
 
Panel B: Fund style 
 
Source: Author’s compilation from Preqin (2017b) 
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Positive investor perception of the unlisted property investment vehicle will contribute to its 
continued growth. Global institutional investors plan to increase their property asset allocation 
by 100 basis points, which translates to approximately $360 billion in additional capital 
injection in the property asset class in the next twelve months. As the unlisted property 
investment vehicle is institutional investors’ preferred route to property exposure, strong 
investor-manager relationships are vital for ensuring that the interests of the two parties are 
strongly aligned and consistent. A PREA (2015) survey on 142 investors in unlisted property 
markets showed that an overwhelming number of investors had high confidence in the abilities 
and skills of their fund managers, and that they trusted their managers to achieve their targeted 
investment goals. Additionally, 47% of investors also believed that investing via the unlisted 
property investment vehicle added positive diversification benefits to their current mixed-asset 
portfolios. 
 
Table 2.18 compares the annual return performance of UPFs and other mainstream asset classes 
over 1-year, 3-year and 5-year holding periods. Most importantly, UPFs provided competitive 
and consistent performance across these three investment horizons, with their average annual 
returns positioned between the low-risk fixed-income market and the more volatile listed-
property and stock markets. This represents a distinct investment characteristic of UPFs not 
seen in mainstream asset classes. A full-spectrum analysis of UPFs from domestic, regional 
and global investment perspectives is presented in Chapters 5, 6 and 7. 
 
Table 2.18 Global UPF Annual Return Performance: 2016 
Asset Average annual total returns (%) 
1 yr 3 yrs 5 yrs 
UPFs 7.9% 9.9% 8.4% 
Asia-Pacific 10.7% 10.6% 9.9% 
Europe 6.5% 8.2% 5.5% 
US 8.5% 12.0% 11.9% 
Listed property 8.1% 16.7% 15.0% 
Stocks 9.9% 7.2% 12.6% 
Bonds 2.9% 4.2% 3.2% 
Source: GREFI (2017), EPRA (2016d) 
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2.5. SUMMARY 
The primary aim of this chapter was to highlight the significance of property in the global 
investment domain, with special focus on the unlisted property investment sector. Property is 
an important asset in the institutional investment space. The multitude of routes to gain 
exposure to the property asset class, be they of a direct, listed or unlisted investment structure, 
has resulted in the global investable property market experiencing dramatic growth in recent 
years, with the total investable property universe valued at $28 trillion in 2016 (EPRA, 2016a). 
The listed property sector has also experienced significant growth; particularly the global REIT 
market, which has expanded considerably in a relatively short period of time. The importance 
of property is also significant in the context of the broader global economy, with property 
investment activity representing 10% of the global total capital inflow to global investment 
(CBRE, 2017).  
  
Both practitioners and researchers were pleased when the unlisted property investment industry 
introduced self-regulatory professional bodies such as the INREV and ANREV, whose main 
objective is to promote the transparency, accuracy and accessibility of information in the 
unlisted property investment sector.  The much-needed advent of the ANREV and INREV 
indices for both the Asia-Pacific and European UPF markets has paved the way for researchers 
to undertake more comprehensive study of this significant, but less transparent, property 
investment vehicle. These bodies complement the NCREIF, which represents the US market. 
Their initiatives have seen the publication of UPF performance indexes and various guidelines 
ranging from corporate governance to fee structure. In addition, the availability of these 
indices, together with the recent launch of the Global Real Estate Fund Index, has facilitated 
comparative analyses of the distinctions between unlisted property fund performance in the 
Asia-Pacific, Europe and the US.  
 
Overall, the UPF sector underwent major growth in GAV between 2012-2016 and is set to 
increase further, based on the positive sentiment of both investors and fund managers. While it 
is difficult to accurately measure the size of the UPF market, the recent INREV-ANREV-
NCREIF global fund manager survey found that the total GAV of UPFs in 2016 stood at $944 
billion, corresponding to a total of 1,496 active funds being managed globally (INREV, 2016a). 
This makes UPFs the largest unlisted property investment vehicle, accounting for more than 
half of the universe total GAV. It is undeniable that UPFs play a vital role in providing 
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additional choices for indirect property exposure and diversification benefits as part of 
institutional investor multi-asset portfolios, particularly pension funds. Various surveys 
conducted on global fund managers and institutional investors highlighted in this chapter 
reflect this statement.  
 
Having established the significant interest in, and increased importance of, UPFs in the global 
investment arena in this chapter, the next chapter proceeds to review the abundance of literature 
on property investment, and highlights how UPFs have been largely under-researched in the 
theoretical domain. This thesis attempts to remedy this by conducting a rigorous empirical 
investigation of the performance and role of Asia-Pacific, European and US unlisted property 
funds in mixed-asset portfolios in domestic, regional and global investment contexts. The 
insights provided have significant implication for both institutional investors and property fund 
managers. 
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CHAPTER 3  
LITERATURE REVIEW 
Chapter 3 reviews the academic literature on the performance, diversification benefits and 
strategic allocation in mixed-asset portfolios for various property investment vehicles.  The 
structure of the chapter is divided into three geographical sections, for the US, Europe and 
Asia-Pacific. The primary objective of this chapter is to provide a theoretical background for 
this study and highlights the under-researched unlisted property investment space. 
 
3.1. INTRODUCTION 
Over the last 40 years, there has been an overwhelming amount of research on the 
characteristics of property as an investment asset class. These have included rigorous 
combinations of theoretical and empirical investigation. This chapter reviews these studies, 
with the aim of giving structure to this immense quantity of literature. The theme of this chapter 
is restricted to the following aspects: (1) the return, risk and risk-adjusted performance of 
property investment, as compared to common asset-class investment; (2) the potential for 
investment diversification using property and common asset classes; and (3) the added-value 
role of property in mixed-asset investment strategies. These are the three fundamental 
investment attributes considered by investors. Further, the reviewed studies are segregated into 
three geographical constructs: the US, Europe and the Asia-Pacific. This is essential for 
shedding some light on the depth of literature coverage for each of the property investment 
conduits in these three regions’ domestic and regional markets. The summary of methods and 
findings is described by critically and systematically reviewing published scholarly literature 
in leading property and financial journals. The choice of academic articles is of paramount 
importance. This review was not constrained to the latest academic articles. While one could 
argue about the relevance of older property studies, they are in fact still extensively cited and 
quoted in recent literature. In addition, older studies are more precise and concise in the way 
they expose fundamental property research problems, as they are not burdened by complex 
methodological procedures. Lastly, this chapter will demonstrate how unlisted property funds, 
while being a significant property investment opportunity as evident in Chapter 2, have been 
largely under-researched in the existing body of knowledge. 
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3.2. OPTIMAL ALLOCATION IN PROPERTY 
It is a salient fact that direct and indirect property investment vehicles possess unique 
investment attributes (Liang and McIntosh, 1998) and that they are generally accepted as 
complementary, rather than opposed, to each other (Gyourko and Linneman, 1988; Scott, 1990; 
Liu et al. 1990a; Ross and Zisler, 1991). Various studies that have supported the mixture of 
both forms of property investment within mixed-asset portfolios to obtain greater 
diversification benefits (e.g. Geltner et al. 1995; Geltner and Rodriguez, 1998; MacKinnon and 
Al Zaman, 2009; Moss and Farrelly, 2014; Farrelly and Moss, 2014, amongst other 
researchers). The main idea behind this opinion is the unique correlation structure, as well as 
having a distinct risk and return profile for various property investment conduits. This enables 
a higher representation of property assets throughout every point of the mixed-asset portfolio’s 
risk-return spectrum. 
 
While researchers have provided indisputable evidence for the pivotal role of property (both 
direct and indirect) in mixed-asset portfolios, there has been considerable disagreement 
amongst researchers on how much property should be represented in an investment framework. 
Some researchers, such as Hartzell (1986), Giliberto (1992), Bajtelsmit and Worzala (1995), 
Kallberg et al. (1996) and Pagliari (2017a), suggested that the optimal allocation of property is 
less than 15%. On the other hand, Cooperman et al. (1984), Fogler (1984), Brinson et al. (1986), 
Gold (1986), Irwin and Landa (1987), Firstenberg et al. (1988), Ennis and Burik, (1991) and 
Giliberto (1993) contended that investors gain optimum diversification benefits by allocating 
15-20% of their portfolios to direct property. In contrast, Khoo et al. (1993), Hoesli and 
Hamelink (1996) and Ziobrowski and Ziobrowski (1997) demonstrated that an allocation of 
20-30% in direct property would result in higher efficiency in terms of a mixed-asset portfolio’s 
efficient frontier. On the higher end of the allocation spectrum, researchers such as Webb and 
Rubens (1986, 1987) and Feldman (2003) suggested that the optimal allocation of property can 
be more than 40%. Webb et al. (1988) even suggested using a 66% allocation in property assets. 
Be that as it may, one possible explanation for these differing property allocation positions is 
related to the time-dependent nature of property performance. As both direct and indirect 
property have their own boom and bust periods, this can affect risk-adjusted performance and 
the correlation structure, and consequently influence the optimal allocation of property in a 
mixed-asset portfolio within a certain timeframe. These academic studies also provide an 
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interesting contrast to the levels of property in institutional portfolios in practice; typically 5-
10%. 
 
3.3. DIRECT PROPERTY 
It is worth noting that the majority of the research on direct property performance has relied 
upon indexes constructed from the appraised values of individual properties. Valuation-derived 
indexes are based on the assumption that they represent the price a property would sell for in 
an open market at a particular time. Geltner (1989; 1993a), Fisher et al. (1994a), and Clayton 
et al. (2001), amongst others, opined that the availability of timely transaction evidence and 
reliance on past evidence pose serious accuracy issues. Thus, valuation-derived indexes will 
appear smoothed and lagged in relation to the market’s actual price dynamics. Substantial 
empirical evidence supports this statement (MacGregor and Nanthakumaran, 1992; Gyourko 
and Keim, 1992; Barkham and Geltner, 1995; Fisher and Geltner, 2000; Chau et al. 2001, 
amongst others).  
 
Several remedies have been employed to overcome this issue. A number of researchers utilized 
a strictly transaction-derived property index (Hoag, 1980; Cole, 1988; Miles et al. 1990; Miles 
et al. 1991; Webb et al. 1992; Fisher et al. 1994b), while Blundell and Ward (1987), Giliberto 
(1988a), Geltner (1989, 1993a), Ross and  Zisler (1987; 1991), Newell and  MacFarlane (1996), 
Fu and Ng (2001), Cho et al. (2003), Booth and Marcato (2004a; 2004b), Edelstein and Quan 
(2006) and Bond and Hwang (2003; 2007) developed stochastic process and auto-regressive 
moving average (ARMA) statistical filtering techniques to increase volatility and reduce auto-
correlation in the smoothed index. Several others developed various models to retrieve intrinsic 
market values from appraisal-driven indices (Geltner, 1991; Quan and Quigley, 1989; 1991; 
Fisher et al. 1994a; Childs et al. 2002; Fisher et al. 2007). The application of various methods 
to reveal the true returns for direct property series has resulted in an adjustment factor for direct 
property risk. This can range from 1.5-5 times the risk level of the smoothed direct property 
series. This highlights the significance of valuation-smoothing and the need to adjust for 
valuation-smoothing in the empirical analysis done in this research. 
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3.3.1. Performance and Diversification Benefits  
3.3.1.1. United States 
Research on the performance of direct property investment in the US can be traced back as 
early as the 1960s. As these studies were constrained by data availability, they were made using 
small and unique samples. The first study was done by Wendt and Wong (1965), who 
evaluated, using the discounted cash flow (DCF) method, the performance of 608 apartment 
properties owned by the US Federal Housing Administration in San Francisco over the period 
1952-1962. Using 76 randomly chosen stocks as comparison, they found that the rate of return 
for direct property assets (12.1% p.a.) was more than double that of stocks (5.7% p.a.). At the 
same time, property had lower risk (5.1% versus 6.5%).  
 
Subsequent studies adopted a similar methodology, but utilized different types of property to 
investigate the performance of property assets. These included office properties (Froland et al. 
1986), farmland (Robichek et al. 1972; Ibbotson and Fall, 1979; Kaplan, 1985), single family 
homes (Coyne et al. 1980), industrial properties (Hoag, 1980) and multi-property portfolios 
(Webb and Sirmans, 1980; Ibbotson and Siegel, 1984; Fogler 1984). Several US direct property 
studies in the late 1980s also noted the superior performance of direct property assets. For 
instance, Hartzell et al. (1986) analysed more than 400 properties over 1973-1983, Hartzell et 
al. (1987) sampled 266 properties from 1974-1987, while Cole et al. (1989) measured the 
performance of 456 properties from 1973-1988. Taken together, they confirmed the superior 
performance of direct property investment according to return and risk measures, compared 
with other investment assets over various time periods. 
 
In the 1990s, improvements in the quality and depth of property market data and reporting on 
US direct property enabled more comprehensive performance analyses and greater coverage in 
terms of the sectors, locations and numbers of properties analysed in the US direct property 
literature. The valuation-based National Council for Real Estate Investment Fiduciaries 
(NCREIF, also known as Russell-NCREIF) property index (NPI) was widely used in various 
studies as a benchmark for direct commercial property (Maxwell et al. 1998). This was also 
the starting point for more robust development and application of various de-smoothing 
techniques to complement the widespread use of the valuation-based index. In contrast, 
although it was deemed to be more accurate and was more favoured amongst researchers, the 
transaction-based direct property index received less coverage due to the difficulty in obtaining 
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adequate transaction data, especially for high frequency index reporting (e.g. monthly, 
quarterly, biannually).  
 
Fisher et al. (1994a) analysed the statistical attributes of six commercial property indices, 
including the existing smoothed NPI and five other custom-built indices constructed using 
various methodologies and assumptions. All direct property indices underperformed the stock 
market (proxied to the S&P 500 index) on average annual return; but on average, delivered 
only two-thirds of the risk present in the stock market. Further, all custom-built indices 
recorded higher volatility than the smoothed NPI. Myer and Webb (1994) conducted a study 
using the Russell-NCREIF direct property index over Q1:1978-Q1:1990. The average annual 
return performance for direct property (9.85% p.a.) was lower compared to stocks (16.73% 
p.a.) but superior to bonds (2.78% p.a.). Nonetheless, direct property earned an average annual 
return at a much lower volatility (7.17%) compared to stocks (12.90%) and bonds (7.37%). 
Similar results were also reported by Coleman et al. (1994) in their study over Q1:1978-
Q4:1989.  
 
Young (1994) measured the returns on investments based on use of both levered and de-levered 
Russell-NCREIF indexes over 1978-1992. At 7.93% p.a., warehouse properties delivered the 
highest average annual returns, trailed by retail properties at 7.78% p.a. On the other hand, 
retail properties (12.89%) gave the lowest annual return variation. Young and Graff (1995) also 
assessed the Russell-NCREIF index at both aggregate and property sector levels over 1980-
1992. Again, retail properties were found to deliver the highest risk-adjusted performance. 
Given the increased importance and significance of the NCREIF index as a proxy for US direct 
commercial property, Young et al. (1996) suggested several improvements to the NCREIF 
index, particularly with how income and capital returns were handled. They opined that this 
was vital in ensuring comparability with other asset class performance indices. Specialist direct 
property sectors such as hotels (DeRoos and Corgel, 1997a) and lodging properties (DeRoos 
and Corgel, 1997b) also received literature coverage during this period. 
 
Post-2000 literature on the performance of US direct property highlighted the dynamics of 
return and risk in what was a significant commercial property investment opportunity. Geltner 
and Goetzman (2000) provided an extension to the de-smoothing procedure on the NCREIF 
index using repeated-measures regression to remove the smoothing and seasonality biases. 
Craft (2001) computed the NCREIF average annual returns and risk at 9.30% p.a. and 9.99%, 
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respectively, over 1979-1998; stocks and bonds earned 18.45% p.a. and 11.87% p.a. in average 
annual returns, and 12.75% and 12.95% in annual risk, respectively, over the same period. 
Comparable results were also evident when Hoesli et al. (2004) extended the analysis of 
NCREIF data up to the year 2000 as part of their study on cross-border property investment. 
Quan et al. (2002) measured the performance of lodging properties over 1995-2000. The 
computed quarterly average returns indicated a much higher risk-return trade-off for lodging 
properties compared to the broad NCREIF series.  
 
Mueller and Mueller (2003) assessed the average annual return and risk of US direct 
commercial property over 5- to 25-year investment horizons. Direct property gave the best 
performance on a 5-year basis, with the average risk level of the various sub-periods being 
comparable to that of government bonds. Pagliari et al. (2005) stated that from 1981-2001, 
when the NCREIF index had the same subsector weightage as the public property index, 
resulting in lower allocation to the office subsector. The researchers managed to improve the 
average annual return by 91 basis points (from 8.43% p.a. to 9.34% p.a.), and at the same time 
reduced the risk level by 71 basis points (from 5.20% to 5.91%). When the restated index was 
adjusted for smoothing bias, the risk level increased to 8.59% without impacting average 
annual return performance. Further, Riddiough et al. (2005) adjusted the NCREIF index 
account for financial leverage, portfolio mix and fees; this resulted in direct property 
underperforming public property on average annual returns by 3%. 
 
The study by Fisher and Goetzman (2005) took a very different approach in using the smoothed 
NCREIF index as the proxy for US direct property. Instead of computing the returns directly 
from the index, they utilized the cash flows that were used to construct the index. They argued 
that this would create a more realistic representation of property returns, without having to 
resort to de-smoothing. 
 
In their investigation of transaction-based property performance, Edelstein and Quan (2006) 
analysed 71 large commercial properties between 1979 and 2004, in which they found the 
performance of those properties was comparable to that of stocks. Fisher et al. (2007) 
developed a bespoke variable-liquidity, transaction-driven index derived from the NPI over 
Q2:1984-Q4:2005. They measured stronger quarterly return performance of the filtered direct 
property index (2.21% p.q.) compared to the unfiltered series (2.12% p.q.). However, the two-
fold increase in risk resulted in only half the risk-adjusted performance of the latter (Sharpe 
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ratio = 0.29 versus 0.54). Nonetheless, the unsmoothed direct property index delivered 
comparable performance compared with other US mainstream asset classes such as public 
property (Sharpe ratio = 0.31), S&P 500 stocks (Sharpe ratio = 0.27) and long-term US 
government bonds (Sharpe ratio = 0.30). MacKinnon and Al Zaman (2009) emphasised the 
stronger mean-reversion characteristics of US direct property returns in long-term investment 
horizons, indicating that US direct property tended to have average performance in the long 
term. 
 
On the topic of the diversification attributes of US direct property, several pre-1990 studies 
that measured the diversification benefits between direct property and financial assets indicated 
that they exhibited a negative relationship. Robichek et al. (1972) stated that the returns of 
farmland property over 1949-1960 did not move in tandem with other investment returns. 
Using annual samples between 1947-1982, Ibbotson and Siegel (1984) found that direct 
property recorded correlation coefficients of -0.06 and -0.08 with stocks and bonds, 
respectively. Similarly, limited correlation coefficients between US direct property and US 
financial assets were recorded by pre-1990s researchers such as Kapplin (1976), Gau and 
Kohlhepp (1978), Mosses and Wofford (1978), Hoag (1980), Kaplan (1985), Hartzell et al. 
(1986) and Irwin and Landa (1987).  
 
Early 1990s literature continued to confirm the benefits of diversifying US direct property with 
US financial assets (Webb, 1990; Gyourko and Keim, 1992). Given the decentralised direct 
property market and the vast land area of the US, several researchers also explored the 
possibility of an inter-direct property diversification strategy. For example, Miles and McCue 
(1982) demonstrated the superiority of geographic diversification over property-type 
diversification, but contrasting results were found by Hartzell et al. (1987). In continuation, 
Grissom et al. (1987) showed that the diversification of both property type and location yielded 
more significant benefits; they categorised this diversification strategy as “economic 
diversification”. Malizia and Simons (1991) and Mueller and Ziering (1992) attested to the 
effectiveness of economic diversification in the context of US direct property investment.  
 
However, several researchers disputed the correlation coefficient results derived from the 
valuation-based index. They contended that valuation smoothing bias could have caused a 
lagged correlation structure for direct property, resulting in an underestimated pattern of 
correlation with financial assets. It is also noteworthy that using a transaction-based index or 
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applying a de-smoothing procedure does not necessarily result in lesser diversification benefits 
for direct property. For instance, Miles et al. (1990) demonstrated the impact of valuation 
smoothing on direct property’s correlation structure; the de-smoothed index recorded 
correlation coefficients with stocks of 0.07 to 0.08, while the smoothed index had correlation 
coefficients with stocks ranging between -0.29 to -0.31. Nonetheless, they also observed that 
both smoothed and unsmoothed forms of direct property index exhibited inverse relationship 
with bonds.  
 
Geltner (1993b) also recorded a positive correlation between direct property and stock indices 
(r = 0.30) after the direct property index was subjected to a de-smoothing procedure. In 
contrast, Ziobrowski and Ziobrowski (1997) demonstrated that, over 1970-1995, even by using 
a de-smoothed index, direct property still provided excellent diversification benefits with 
stocks and bonds. Craft (2001), Quan et al. (2002) and Hoesli et al. (2004) also observed similar 
results. Graff (1998) highlighted the seasonal correlation bias in the quarterly NCREIF index, 
signifying that higher frequency reporting further exacerbated the smoothing-bias issue. Using 
a custom-made, variable-liquidity, direct property index, Fisher et al. (2007) demonstrated 
lesser diversification benefits with stock index (r = 0.12) and bonds (r = 0.04) than for a 
smoothed direct property index with stocks (r = 0.01) and bonds (r = 0.01). 
 
3.3.1.2. Europe 
Similar to the US, early direct property studies in Europe also affirmed the superior 
performance of direct property against other asset classes. In the UK, Fraser (1986) utilized 
Jones Lang Wootton (JLW) data from 1968-1985 to assess the performance of direct property 
assets. The UK direct property returned 15.2% p.a., compared to 10.3% p.a. for UK gilts and 
18.1% p.a. for common stocks. This also saw UK direct property (10.5%) recording the lowest 
risk level compared to UK gilts (13.6%) and common stocks (22.1%). While the risk-adjusted 
performance was not calculated, it is obvious from his study that direct property gave the best 
risk-return trade-off compared to UK financial assets. Subsequent studies on UK direct 
property performance reported comparable results (Sweeney, 1988; Lee, 1989; Rydin et al. 
1990; MacGregor and Nanthakumaran, 1992; Quan and Titman, 1997).  
 
Mostly positive results were reported for the benefits of diversifying UK direct property with 
UK financial assets. MacGregor and Nanthakumaran (1992) computed the correlation 
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coefficient between the annual returns of direct property and stock to be -0.19, and between 
UK gilts to be 0.01, over the period 1977-1990. In contrast, Barkham and Geltner (1994) 
reported fewer diversification benefits between UK direct property and bonds after valuation 
smoothing bias was factored in, with the correlation coefficient being 0.38. Several studies 
explored the possibility of an inter-direct property diversification strategy within UK direct 
property, such as the research by Jones Lang Wootton (1986), Brown (1988), Morrell (1993), 
Schuck and Brown (1997), Lee and Ward (2001) and Callender et al. (2007).  
 
In Ireland, Stevenson (1997) pioneered a study on the performance of the Irish direct property 
market. He utilized the JLW database as the main proxy for an Irish direct property index and 
ran the appraised total return values through a de-smoothing filter. This resulted in Irish direct 
property index recording 10.46% p.a. in average annual returns, while the Irish stock market 
index and bonds earned 19.54% p.a. and 13.01% p.a. On the other hand, the annualised standard 
deviations of quarterly returns showed Irish direct property index (12.70%) to be at a mid-point 
of risk for the Irish stock market index (25.92%) and bonds (10.11%). As for diversification 
benefits, both stock market index (r = -0.04) and bonds (r = -0.12) were inversely associated 
with direct property. 
 
The research of Hoesli and Anderson (1991) was the first empirical study on the performance 
of direct property in Switzerland. The researchers utilized the Bopp ISB AG, a proprietary 
index for Swiss real estate fund assets, covering a 39-year period from 1960 to 1989. Over the 
full period, the mean annual return and risk of Swiss direct property were positioned between 
the mean returns and risks of domestic stocks and bonds. They also reported a strong correlation 
coefficient between direct property and bonds (r = 0.61), and marginal diversification benefits 
with stocks (r = 0.37) from 1960-1989. 
 
The lack of established data sources for European countries other than the UK (e.g.  JLW) has 
resulted in literature on specific direct property performance in other European domestic 
markets in the 1990s being sparse. Nonetheless, there is a breadth of literature on cross-border 
direct property investment strategy, which undertook performance measurements of various 
European direct property markets. These can give some input on the historical performance of 
these markets in the period leading up to the year 2000. These include, but are not limited to, 
the studies by Quan and Titman (1997), Stevenson (1999), Quan and Titman (1999), Chua 
(1999) and Cheng et al. (1999). 
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Similarly, post-2000 research on the performance of European direct property markets was also 
done in terms of either inter-European or global property investment strategies, using the 
valuation-based total return index sourced from IPD. For example, Hoesli et al. (2004) 
computed the mean return and risk of several European direct property markets, namely the 
UK, France, Netherlands and Sweden, over 1987-2001. The annual direct property data was 
sourced from IPD, and since the IPD index was constructed using appraised values of 
individual properties in their respective markets, the researchers resorted to using a statistical 
filtering procedure to increase returns variability. Direct property markets in the UK, France, 
Netherlands and Sweden recorded average annual returns of 11.0% p.a., 7.9% p.a., 10.3% p.a. 
and 12.6% p.a., and volatilities of 11.5%, 17.9%, 13.3% and 23.0%, respectively. In line with 
the preceding literature, these values were between those of the respective domestic bond and 
stock markets.  
 
Lim et al. (2008) expanded on the previous study with an additional of nine European direct 
property markets, for which individual time-series samples were available. They also provided 
more depth by analysing the retail, office and industrial sub-sectors in each of the European 
property markets. In Finland, Falkenbach (2009) reported that Finnish direct property delivered 
the strongest risk-adjusted performance, but the researcher noted that the direct property series 
was not treated for smoothing bias due to the limited number of observations. 
 
Hoesli et al. (2004) demonstrated the diversification benefits of de-smoothed direct property 
with bonds in the UK, France, Netherlands and Sweden, with correlation coefficients ranging 
between -0.49-0.27. However, correlations with the stock market of 0.21-0.42 were recorded, 
indicating that there were limited diversification benefits attainable with the domestic stock 
market. A similar correlation structure was also observed in Finland direct property by 
Falkenbach (2009). Lim et al. (2008) analysed 13 European direct property markets, and 
highlighted the dynamics of inter-subsector and inter-direct property market diversification 
potentiality.  
 
3.3.1.3. Asia-Pacific 
In the Asia-Pacific region, early direct property investment studies centred mainly in 
established and transparent property markets. Brown (1990) observed residential property 
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capital appreciation in both Japan and Singapore that was stronger than stock market 
performance. Quan and Titman (1997) analysed the capital and income returns of 17 capital 
cities, of which seven were Asia-Pacific countries (Australia, Hong Kong, Indonesia, Malaysia, 
New Zealand, Singapore and Taiwan) using JLW and Frank-Russell indices. Over the study 
period (1988-1994), they found that investors in office properties in Hong Kong, Indonesia and 
Taiwan could benefit greatly in terms of capital returns, while office property markets in 
Singapore, Malaysia and Australia were seen as defensive assets. They also observed a 
marginally strong correlation between the performance of office property and the domestic 
stock market over this period. 
 
In Australia, from 1984-1995, Newell (1996) investigated the role of commercial property in 
providing protection against inflationary pressure by using valuation-derived total return data 
from 555 properties sourced from the Building Owners and Managers Association of Australia 
(BOMA). The composite direct property index gave an average annual return of 10.30% p.a. 
attached to a volatility of 8.90%. This compared favourably against stocks (15.0% p.a.; 
19.86%), bonds (15.0% p.a.; 11.88%) and listed property trusts (LPTs; 12.30% p.a.; 12.89%). 
By using different sets of data from the Property Council of Australia (PCA) and IPD over 
1985-2003, Newell (2005a) recorded poor performance for overall Australian direct property, 
which took last place in risk-adjusted rankings. The performance of specific direct property 
subsectors also received literature coverage, including the retail (Newell and Peng, 2007a), 
leisure (Newell and Peng, 2007b), industrial (Newell, 2007), residential (Lee, 2008) and rural 
land subsectors (Eves, 2010; Eves, 2016). Considering Australia’s vast land area, Newell and 
Tan (2003) explored the possibility of geographical and sectoral diversification of Australian 
direct property investment. 
 
Chan and Sng (1991) investigated the performance of Singapore direct property over 1976-
1988. Direct property was found to give outsized returns with relatively low risk compared to 
other asset classes. Liow (1997) assessed the risk-adjusted performance (via Sharpe and Jensen 
ratios) of direct property in Singapore, including residential, commercial and industrial 
subsectors, over 1975-1995. In summary, the author described the distinctive performance of 
direct property, a characteristic not evident in other asset classes. Liow (2001) extended the 
study on Singapore direct property by using quarterly samples over 1975-1999. Various sub-
period analyses were also conducted to simulate the appreciating and declining trends of the 
property market. On a risk-adjusted basis, direct property (Sharpe ratio = 0.24) outperformed 
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the stock market (Sharpe ratio = 0.08) and listed property companies (Sharpe ratio = 0.05). The 
residential subsector was the best performing direct property subsector (Sharpe ratio = 0.27). 
Further, no correlation with the stock market was evident. 
 
In Hong Kong, Newell et al. (1996) investigated the diversification benefits of investment in 
direct property and the stock market. The results indicated that certain property subsectors were 
weakly correlated with stocks, for example office (r = 0.01) and retail properties (r = 0.10). 
Newell and Chau (1996) noted the comparable average annual return performance of various 
Hong Kong direct property subsectors, which had half the risk level of listed property 
companies and the Hang Seng index. They also observed a similar correlation structure as 
determined by Newell et al. (1996). Within the Hong Kong direct property subsector, Brown 
and Chau (1997) concluded that investment in office property provided higher excess returns 
than other Hong Kong property subsectors over 1980-1995. In contrast, by analysing quarterly 
total returns over 1984-2000, Newell et al. (2003) highlighted the poor risk-adjusted 
performance of Hong Kong direct property compared to both listed property companies and 
the stock market. Nonetheless, it remained beneficial to diversify direct property investments 
with stock market investments. 
 
From New Zealand, there is comprehensive literature on direct property investment covering 
the pre-2000 period, such as the research on inflation hedging characteristics (Newell and 
Boyd, 1995), valuation-smoothing issues (Newell at al., 1996) and risk-adjusted performance 
(Newell and DeWit, 1997). Being a country with a significant agricultural industry, specific 
literature on farmland is also available for this period. Nartea and Dhungana (1998), Nartea 
and Pellegrino (1999) and Nartea and Eves (2010) reported low correlation coefficients 
between farm property and stock market returns. Nartea and Eves (2008) provided an update 
on the performance and diversification benefits of direct property investment in New Zealand. 
Armed with the longer time series of 1995-2005, the researchers observed the strong risk-
adjusted performance of various direct property sectors, with retail property being the highest-
performing sector on a risk-adjusted basis. While all direct property subsectors did not exhibit 
strong relationships with financial assets, the researchers found that farmland gave the strongest 
diversification benefits compared to the other direct property subsectors.  
 
Stone and Ziemba’s (1993) research was the first published study on direct property investment 
in Japan, in which they reported a strong relationship between land prices and the Nikkei 225 
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stock market. However, their study did not include a return and risk performance measurement. 
As part of the research on global direct property investment using a mixture of data sourced 
from IPD, Chua (1999) found that direct property investment exhibited negative quarterly 
returns after the direct property data (-0.62% p.q.) was adjusted for tax, transaction and 
management costs. This was in contrast with equities (0.31% p.q.) and bonds investments 
(0.07% p.q.). The risk level of the adjusted property series was 31.7%, indicating poor risk-
adjusted returns for the Japanese direct property market. 
 
Literature on the investment attributes of Chinese direct property markets is growing but is still 
scarce due to the limited availability of data and concerns about whether the data is transparent. 
Newell et al. (2005) was the first empirical study to analyse the performance of the Chinese 
direct property market, although the researchers were limited to the analysis of office properties 
in the major cities of Beijing, Shanghai, Guangzhou and Shenzhen. Using quarterly data from 
1995-2002, they found that office properties in all cities recorded negative average annual 
returns, and underperformed stocks on risk-adjusted returns. Significant correlation was 
recorded between office properties in different cities, and diversification benefits with the stock 
market were observed. This mediocre risk-adjusted performance of Chinese direct property 
investment was also recorded in a subsequent study by Newell et al. (2009). 
 
Newell and Kamineni (2007) pioneered empirical research on the performance and 
diversification benefits of direct property investment in India. Due to the limited availability of 
data, only quarterly returns for office, retail and residential subsectors in New Delhi and 
Mumbai were used. From 1998-2005, only New Delhi retail properties outperformed the stock 
market, while Mumbai office and retail properties recorded negative average annual returns. 
Residential properties in New Delhi were also found to underperform the stock market over 
this period. However, marginal diversification benefits were observed between cities and 
sectors, with even greater diversification benefits being recorded with the stock market. 
 
It is also appropriate to mention the works of several authors on the risk-adjusted performance 
of direct property investment in various Asia-Pacific markets. Jin et al. (2007) examined the 
performance of six emerging and five developed Asia-Pacific markets. The authors reported 
that the average direct property investment risk-adjusted performance was slightly ahead of 
that for corporate bonds, with variations in the rate of return on direct property investment 
being lower than those recorded in domestic stock markets. Newell et al. (2009) undertook an 
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Asia-wide commercial property performance study over Q4:1998-Q1:2007. Certain Asian 
markets, such as Bangkok and Hong Kong, were found to perform well on a risk-adjusted 
return basis. Further, Lin and Fuerst (2014) utilized quarterly transaction-based property 
indices to assess the performance of property assets from January 1980 to September 2012 in 
nine Asian countries. In this study, they found that stocks outperformed direct property in 
average annual returns, but at a significantly higher risk level.  
 
3.3.2. Direct Property’s Role in Mixed-Asset Investment Portfolios 
3.3.2.1. United States 
Considerable research has established the significant role of direct property in the US mixed-
asset investment portfolio, given its strong risk-adjusted returns and lack of association with 
financial assets. Friedman (1971) was the first researcher to establish the value-added benefits 
of including US direct property in mixed-asset portfolios. He created a portfolio composed of 
50 properties and 50 stocks over 1963-1968, in which he found that direct property dominated 
the majority of the mixed-asset portfolio allocation. Much of the research prior to 1990, such 
as Findlay et al. (1979), Fogler (1984), Irwin and Landa (1987), Webb and Rubens (1986, 
1987) and Firstenberg et al. (1988), affirmed the suitability of the utilitarian Markowitz mean-
variance model for developing a mixed-asset portfolio with a direct property component, in 
addition to affirming that direct property should be a significant component in mixed-asset 
portfolio structures.  
 
Moving on to the 1990s, empirical investigations by Ennis and Burik (1991), Geltner et al. 
(1995), Geltner and Rodriguez (1998), Kallberg et al. (1996), Worzala and Bajtelsmit (1997), 
and Ziobrowski and Ziobrowski (1997) observed similar results, whereby direct property 
constituted a considerable portion of mixed-asset investment portfolios. Since most of these 
studies employed the valuation-derived NCREIF index, reductions in direct property allocation 
were observed after the series was treated for smoothing bias and property limpidity.  
 
Several post-2000 studies have observed the dominant role of US direct property over its public 
property counterparts. The research of Feldman (2003) showed how using different direct 
property indices would result in different direct property compositions in mixed-asset 
portfolios. In this case, the use of the variable liquidity direct property index resulted in an 
average allocation of 18.1%, while the constant liquidity direct property index contributed 
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7.8% in a multi-asset framework. Mueller and Mueller (2003) examined the role of US direct 
property by constructing a nine-asset investment portfolio over various sub-periods spanning 
25 years of ex-post performance data. The researchers found that direct property contributed 
extensively to reducing portfolio risk at the conservative end of the portfolio risk-return 
spectrum, irrespective of whether the investment horizon was set at five, ten or fifteen years. 
Similar results were observed by Lee and Stevenson (2006), and when Chiang and Lee (2007) 
extended the mixed-asset portfolio analysis using the mean-variance spanning test, an 
overweighted direct property allocation was confirmed.  
 
Fisher et al. (2007) used the unconstrained mean-variance portfolio construction model to 
determine the optimal allocation for the custom-made, variable-liquidity, direct property index, 
a transaction-based index derived from the NCREIF direct property index, over 1984-2005. 
The results depicted in this study showed that direct property was a significant component in 
mixed-asset investment portfolios. They also noticed a small allocation advantage for the 
smoothed NCREIF index, and opined that this was partly due to the lower risk level resulting 
from valuation-smoothing bias. MacKinnon and Al Zaman (2009) utilized the same data as 
Fisher et al. (2007) and reported that the ease of access to direct property assets contributes 
towards them being allocated more often than securitised property. Using quarterly return data 
over 1978-2003, Pagliari (2017a) reported that the high allocation of direct property in mixed-
asset investment portfolios could be attributed to investors’ risk preferences. A higher 
concentration in direct property was evident in the conservative and intermediate parts of the 
portfolio risk-return spectrum. This was confirmed in recent findings by Marzuki and Newell 
(2017). The roles of several US specialist direct property sectors in mixed-asset portfolios, such 
as timberland (Newell and Eves, 2009; Wan et al. 2015), lodging property (Quan et al. 2002) 
and hotels (Petersen et al. 2003; Worsley, 2015; Low et al. 2015), were also given empirical 
investigation. 
 
3.3.2.2. Europe 
Byrne and Lee’s (1995) research was the first available study on the role of direct property in 
UK mixed-asset portfolios. Their research utilized valuation-based IPD data over 1971-1993 
with a de-smoothing procedure applied. Substantial allocation in UK direct property was 
observed, even after the direct property allocation was upper-bound constrained at 20%. Lee 
at al. (1996) attempted to empirically justify the 15% direct property allocation in UK pension 
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funds based on the value of property portfolios. The results suggested that the benchmark 
portfolio (composed of UK gilts and stocks) could attain better risk through the inclusion of 
direct property, irrespective of the value of the property assets. Further, the researcher noted 
that larger property asset values resulted in higher mixed-asset portfolio returns than portfolios 
exposed to smaller property asset sizes. When return predictability, transaction costs and 
marketing period risk were incorporated in the UK direct property index, Rehring (2011) found 
that UK direct property was more feasible in long-term multi-asset investment horizons. 
 
Hamelink and Hoesli (2004) examined the role of Swiss direct property investment using a 
completely different technique. Instead of calculating portfolio risk using variance or standard 
deviation of total returns, they opted for the maximum drawdown method. The researchers 
referred to this method as mean-max drawdown portfolio analysis (as opposed to mean-
variance). Worthy of a note is that the use of maximum drawdown as a measure of portfolio 
risk resulted in lower allocation in direct property across the portfolio risk-return range. 
Stevenson (1997, 1999, 2000) performed a rigorous analysis of the role of the Irish direct 
property market over various periods. In summary, all three studies showed that direct property 
featured prominently in Irish domestic mixed-asset portfolios when the smoothed direct 
property series was used. However, the less efficient correlation structure and higher risk level 
resulting from the de-smoothing process resulted in direct property failing to enter the asset-
mix.  
 
Hoesli et al. (2004) provided a thorough coverage of the role of direct property investment in 
several European jurisdictions using various sources for direct property data over 1987-2001, 
namely the UK (IPD), France (IPD), the Netherlands (ROZ/IPD), Sweden (SFI/IPD) and 
Switzerland (IAZI/CIFI). Whilst this study introduced international asset class components 
rather than being a specific domestic mixed-asset portfolio, domestic direct property assets in 
Sweden, the Netherlands, France and the UK were still considered to contribute to making 
portfolio risk-return profiles optimal.  
 
3.3.2.3. Asia-Pacific  
Jin et al. (2007) constructed an Asia-Pacific-wide mixed-asset portfolio composed of direct 
property, bonds and stocks from six emerging markets and five developed Asia-Pacific 
countries. With the returns denominated in US$ to ensure consistency in performance 
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measurements, the direct property market in China and Korea were found to be prominent in 
the portfolio framework.  
 
In Australia, Hoesli et al. (2004) showed that even when mixed-asset portfolios were saturated 
with various classes of domestic and international assets, the Australian direct property market 
was still seen as an effective and important component for enhancing mixed-asset portfolio 
returns and stabilising their risk levels. This was also observed by De Francesco (2005) when 
he assessed the role of direct property in an Australian mixed-asset investment framework. 
Reddy (2013) rigorously assessed the role of direct property in enhancing Australian 
superannuation fund investment portfolios over 1995-2011. He constructed a fully-diversified 
portfolio composed of eight different assets to mirror the actual mixed-asset composition of 
superannuation funds’ balanced portfolios. The average allocation in direct property across 
nine different portfolio scenarios was 16%, well ahead of Australian listed property (5%) and 
only exceeded by the stock market (20%). 
 
Similarly, Nartea and Eves (2008) reported a very high concentration of New Zealand direct 
property in domestic mixed-asset portfolios. They observed that the efficient frontier of a 
portfolio composed only of financial assets was greatly enhanced by the addition of retail and 
farmland property at every point of the portfolio risk-return spectrum. Nartea and Eves (2010) 
further examined the role of New Zealand farmland in international mixed-asset portfolios. Its 
strong risk-adjusted performance and negative correlation with the financial assets of farmland 
property resulted in consistent allocation of farmland property to asset mixes, even when the 
allocation was constrained at various levels.  
 
3.4. REAL ESTATE INVESTMENT TRUSTS  
REITs have proved to be one of the most successful indirect property investment conduits   
because of its innovative architecture, which allows exposure to lumpy and illiquid direct 
property through a divisible, transparent and stock-like investment format. However, its strong 
connection with the stock market has been subjected to criticism, as investors are concerned 
by the tendency of the REIT to mirror the performance of stocks rather than that of underlying 
property assets. This concern has also been observed in various empirical frameworks, with 
the issue being more pronounced when the role of REITs is assessed together with private 
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property in multi-faceted property investment contexts. The following section reviews the 
performance and value-added role of REITs in various domestic jurisdictions. 
 
3.4.1. Performance and Diversification Benefits 
3.4.1.1. United States 
Being the largest and longest-established REIT market in the world, US-REITs have garnered 
extensive interest amongst researchers and professionals alike since their inception in the 
1960s. Extensive literature covering diverse investment aspects of US REITs could be found 
throughout the various maturity stages of US-REITs. This extensive and continuous research 
has been largely made possible by the robust data on the various aspects of US REIT made 
available by the National Association of Real Estate Investment Trusts (NAREIT), an 
association representing the REIT market in the US. Literature surveys by Norman et al. 
(1995), Corgel et al. (1995), Benjamin et al. (2001) and Zietz et al. (2003) have succinctly 
reviewed these US-REIT papers over the last 40 years.  
 
In summary, the early research on US-REITs was inconclusive as to whether US-REITs 
commanded higher performance (both in returns and risk) compared to the market benchmark. 
After reviewing the pre-2000 research, two conclusions can be made. The works of Smith and 
Schulman (1976), Smith (1980), Burns and Epley (1982), Zerbst and Cambon (1984), Kuhle 
et al. (1986), Kuhle (1987), Sagalyn (1990), Liu et al. (1990a), Chan et al. (1990), Glascock 
and Hughes (1995), Han and Liang (1995) and Wang et al. (1995) showed that US-REITs 
exhibited better or comparable performance relative to the relevant industry benchmark. In 
contrast, the research of Titman and Warga (1986), Goebel and Kim (1989), Howe and Shilling 
(1990), Chan et al. (1990), Gyourko and Keim (1992), Glascock and Hughes (1995), Peterson 
and Hsieh (1997), Sanders (1998) and Chen and Peiser (1999) indicated that US-REITs 
performed worse than the market benchmark. Nevertheless, it is noteworthy that the return and 
risk attributes of US-REITs resembled that of the stock market. Hence, a common conclusion 
that can be drawn from a performance point of view is that investing in US-REITs was akin to 
investing in stocks. 
 
Notwithstanding these contradictory research outputs, it is worth noting that those researchers 
adopted different time frames for their performance analyses, causing US-REIT performance 
to be understated or overstated depending on whether the market was experiencing a boom or 
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bust period. Simply put, as with any other time-series data, the performance of US-REITs 
depended on the researcher’s choice of sample period. Another issue pointed out by Sagalyn 
(1990) was that several studies may be overstating the performance of US-REITs due to 
survivorship bias, as early researchers tended to exclude US-REITs with poor performance. 
Further, Han and Liang (1995) argued that the majority of early research inappropriately 
employed the S&P 500 stock index as a benchmark. While the S&P 500 index was comprised 
of medium-to-large market cap stocks, US-REITs were, at that time, composed of small-to-
medium market cap REITs.  
 
Several researchers have explored the impact of investing in specific property sectors on the 
return and risk profile of US-REITs. The study of Gyourko and Neiling (1996) over 1988-1992 
gave some interesting insights on this issue; the researchers showed that retail-based US-REITs 
possessed a higher beta than US-REITs with either industrial or warehouse properties. 
Similarly, Chen and Peiser (1999) annotated the superior performance of industrial and office 
REITs compared to that of other US-REIT sectors. The stronger risk-adjusted performance of 
property-type diversified REITs compared to property-specialised REITs are documented in 
recent studies by Benefield et al. (2005), Ro and Ziobrowski (2011) and Anderson et al. (2015). 
 
A number of recent studies have explored the dynamics of the performance of US commercial 
real estate, which can potentially give a more updated and consistent view of the performance 
of US-REITs in recent years. Several studies noted that US-REITs gave higher average returns 
compared to their private counterparts by controlling several economic and management 
factors, which in return entailed higher volatility. For instance, the research of Pagliari et al. 
(2005) measured the performance of US-REITs while excluding riskier non-core property 
assets from the NAREIT index. In continuation, Riddiough et al. (2005) regressed the NAREIT 
index on data for financial leverage, portfolio mix and management fees. Ling and Naranjo 
(2015) proceeded to use the same method as the previous study, but unlevered core US-REITs 
were used instead. In so doing, the average annual return of US-REITs surpassed the private 
property benchmark by 49 basis points. Ling et al. (2016) expanded the study further by 
controlling geographic classifications, which still resulted in US-REITs outperforming the 
private property benchmark index. 
 
On the issue of diversification benefits, it is generally accepted that the performance of US-
REITs is closely related to financial assets. Several empirical studies have found positive 
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relationships between US-REITs and the US stock market (Gyourko and Linneman, 1988; Liu 
et al. 1990a; Ambrose et al. 1992; Liu and Mei, 1992; Myer and Webb, 1994; Fisher et al. 
1994b; Brueggeman and Fisher, 1997; Mull and Soenen, 1997), but a number of researchers 
demonstrated that this trend was muted when using more recent time-series data, indicating a 
divergence of US-REITs and non-securitised property return patterns in the long run 
(Chandrashekaran, 1999; Clayton and MacKinnon, 2001; Conover et al. 2002; Westerheide, 
2006). Over a study period of 1972-2001, Bley and Olson (2003) utilised a 24-month rolling 
correlation coefficient to compare equity REITs, mortgage REITs and S&P 500 stocks. They 
noticed significantly less correlation with the stock market after 1993. This decreasing pattern 
of correlation between US-REITs and stocks was also observed by Chen (2007) when he 
compared US-REITs and the S&P 500 index using a 60-month rolling correlation. A 
comparable study by Case et al. (2010) over 1972-2008 showed minimal REIT-stock 
correlation in 2001 (r = 0.30) which increased to 0.59 in 2008.  
 
3.4.1.2. Europe 
Newell et al. (2013) pioneered empirical study of the performance of French REITs (officially 
known as Societe d’Investissement Immobilier Cotee; SIICs) over 2003-2012. The study was 
broken down into three sub-periods; being pre-GFC (2003-2007), GFC (2007-2009) and post-
GFC (2009-2012). Over the whole period, the authors computed the average annual return and 
risk at 14.34% p.a. and 21.07%, respectively, resulting in French REITs outperforming bonds 
and stocks on a risk-adjusted return basis. French REITs were found to deliver the highest risk-
adjusted performance in the pre-GFC period, but negative returns were posted during the GFC. 
A strong correlation with stocks (r = 0.68) was recorded over the whole study period, with less 
benefit of diversification with stocks in the post-GFC period (r = 0.75).  
 
Newell and Marzuki (2016) assessed the risk-adjusted performance of UK-REITs over 2007-
2014. The year 2007 was the start point of the UK-REIT index. Over the full time period, UK-
REITs recorded negative average annual returns and little diversification benefit with the FTSE 
UK stock market. The researchers opined that this may be attributed to the negative returns 
experienced during the 2008-2009 GFC. In contrast, UK-REITs delivered the strongest risk-
adjusted returns in the post-GFC period. However, the lack of benefit of diversification with 
the stock market persisted. 
 
91 
 
3.4.1.3. Asia-Pacific  
The proliferation of REITs in several Asia-Pacific jurisdictions has prompted various 
researchers to examine the performance and viability of this indirect property investment 
conduit in regional and domestic investment contexts. Given the sufficiently long historical 
data available for Asia-Pacific REITs, the impact of systematic market risk on their 
performance could also be examined. Various researchers adopted sub-period performance 
analyses to study the impact of the GFC on REIT performance. 
 
In the pre-GFC period, various researchers identified the strong risk-adjusted performance of 
REITs in several Asian jurisdictions, namely Malaysia (Lee and Ting, 2009; Newell and 
Osmadi, 2009), Hong Kong (Newell et al. 2010), Japan (Newell and Peng, 2012), Korea (Pham, 
2011a) and Singapore (Newell at al., 2015). In most cases, the REIT market in these 
jurisdictions outperformed their domestic stock markets on average annual returns, and 
delivered those returns at lower risk levels than the domestic stock market, indicating higher 
risk-adjusted performance. However, REITs in several Asia-Pacific countries delivered 
undesirable performance in the pre-GFC period; negative Sharpe ratios were recorded for REIT 
markets in Thailand (Pham, 2011b) and Taiwan (Peng and Newell, 2012). As for the pre-GFC 
diversification benefits, mixed results were observed; REITs in Korea (r = 0.02) and Hong 
Kong (r = 0.07) were weakly correlated with their domestic stock markets. In contrast, REITs 
in Malaysia (r = 0.56), Thailand (r = 0.46) and Singapore (r = 0.45) were strongly correlated 
with their domestic stock markets. 
 
The GFC, in particular, had a significant global impact on every single asset class, and the 
Asian REIT markets were not spared the significant volatility and loss of market capitalisation 
that occurred during this period. Nonetheless, many Asian REIT markets fully recovered to 
their pre-GFC performance level in 2012. Newell and Peng (2012), Peng and Newell (2012), 
Pham (2011a), Pham (2011b) and Newell et al. (2015) extended their research coverage by 
including the post-GFC recoveries of Japan, Taiwan, Korea, Thailand and Singapore, 
respectively. In all cases, improved risk-adjusted performance was observed in these REIT 
markets compared to their performance during the GFC period.  
 
Being the largest and longest-established REIT market in the Asia-Pacific, the Australian REIT 
(A-REIT) market received in-depth literature coverage. Newell (2006) assessed the return and 
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risk profiles of A-REITs using monthly total return data from 1996-2006 sourced from UBS. 
At 14.11% p.a., A-REITs outperformed stocks (12.02% p.a.) and direct property (10.72% p.a.). 
Over this ten-year period, the author also found that A-REITs only possessed 84% of the risk 
level of the stock market. This lack of association with the stock market was also observed in 
an earlier study by Newell and Archeampong (2001). On a different note, Newell and Peng 
(2006) developed the market-cap and asset-value-weighted specialist A-REIT index composed 
of nine specialist A-REITs. The investment viability of the specialist A-REIT sector was 
evident, as the researchers found that it outperformed the traditional A-REIT sectors on a risk-
adjusted basis. A marginal correlation pattern with the traditional A-REIT sector was also 
evident, and offered stronger diversification benefits with stocks compared to the traditional 
A-REIT sector. Newell and Tan (2003) conducted a study to empirically justify the reason for 
the preference for sector-specific A-REITs over multi-sector A-REIT frameworks. They 
showed that a sector-specific but regionally diversified property portfolio yielded more optimal 
results than diversifying into multiple, region-specific, property sectors.  
 
Several researchers attempted to establish the determinants of A-REIT performance. For 
instance, by decomposing A-REIT returns, Newell (2005b) found a low contribution of 
underlying core property assets; rather, the stock market was a more significant influence on 
A-REIT performance. Similarly, Ratcliffe and Dimovski (2007) showed that the returns of A-
REITs were highly responsive to the movement of broad market returns, and the leverage ratio 
was an explanatory factor for A-REIT risk levels.  
 
3.4.2. Role of REITs in Mixed-Asset Investment Portfolios 
3.4.2.1. United States 
The significance of the role of US-REITs in mixed-asset portfolios has been the subject of 
intense and rigorous empirical scrutiny. Initial findings by Kuhle (1987) showed that US-
REITs did not provide tangible portfolio performance enhancement when they were added to 
stocks-only portfolios. Subsequent studies by Paladino and Mayo (1998) and Capozza and 
Sequin (1999) confirmed the lack of value of adding US-REITs to stock portfolios. In contrast, 
Burns and Epeley (1982) found that a portfolio containing a certain percentage of US-REITs 
and stocks would outperform a pure S&P 500 stocks portfolio. Individually, Mueller et al. 
(1994) stated that US-REITs resembled the returns of small market cap stocks, but at only a 
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fraction of the risk level, thus allowing the construction of efficient portfolios with less risk. 
This saw US-REITs populating the lower risk-return spectrum of optimal portfolios.  
 
NAREIT (2002) demonstrated that a 20% allocation in US-REITs into a diversified portfolio 
of stocks and bonds could enhance portfolio return performance by 80 basis points per annum 
(over 1972-2001), with a 130 basis point enhancement over sub-period 1992-2001. At all times, 
these results were achieved whilst maintaining a stable portfolio risk level. Over a 25-year 
study period, Mueller and Mueller (2003) demonstrated that mixed-asset portfolio performance 
was improved by the addition of US commercial property assets. Interestingly, their results 
showed the complementary roles of US-REITs and direct property in asset allocation; in that 
the exclusion of either US-REITs or direct property resulted in a lower efficient frontier curve. 
US-REITs became a significant contributor to their optimistic efficient sets, indicating the 
higher return-risk attributes of US-REITs. From a different perspective, the use of different 
direct property indices to construct an optimal portfolio did not adversely affect the allocation 
of US-REITs, as demonstrated by Feldman (2003). Whilst the average allocations in direct 
property were seen to vary from 18.1% (using variable liquidity) to 7.8% (with a constant 
liquidity index), allocation in US-REITs was maintained between 12-13%.  
 
An empirical examination by Lee and Stevenson (2006) utilised a similar mixture of US-
REITs, diversified stocks and bonds over 1972-2009, with the period broken down into three 
sub-periods to simulate the trends of the US financial market. The researchers confirmed the 
added-value role of US-REITs in mixed-asset portfolios, with US-REITs being more effective 
in contributing to mixed-asset portfolio structures with long investment horizons. MacKinnon 
and Al Zaman (2009) examined the impact of the investment horizon on the optimal allocation 
of US commercial property. Their results differed from previous studies; US-REITs were only 
found to be feasible in mixed-asset portfolios with short- and medium-term investment 
horizons, and only with long-term horizons if investors did not have access to direct property. 
Pagliari (2017a) expanded upon the idea of a long-term investment horizon by incorporating 
investors’ risk preferences in constructing mixed-asset portfolios. Higher allocation in US-
REITs was attributable to optimistic portfolio selection, which was confirmed in a subsequent 
study by Marzuki and Newell (2017). 
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3.4.2.2. Europe 
Over the period 2003-2012, Newell et al. (2013) constructed a domestic French mixed-asset 
framework composed of REITs, stocks and bonds with three different investment timeframes: 
pre-GFC, post-GFC, and combined. In both the full period and post-GFC, French REITs 
dominated efficient portfolios, particularly at the high return-high risk end of the risk-return 
spectrum. The researchers opined that in both timeframes, French REITs were a substitute for 
the stock market in delivering optimal mixed-asset portfolios at every point of the risk-return 
spectrum.  
 
In the UK, Newell and Marzuki (2016) examined a post-GFC optimal mixed-asset investment 
framework composed of bonds, stocks, REITs and listed property companies over 2009-2014. 
Results of the unconstrained mean-variance analysis saw UK-REITs being an important 
component of the mixed-asset portfolio structure, with overweighted allocation seen in the 
upper half of the portfolio risk-return spectrum. The researchers proceeded with the analysis 
further by applying an upper-bound limit of 10%. This still resulted in UK-REITs appearing 
across the entire risk-return spectrum and, most of the time, they were allocated at the 
maximum limit of 10%. 
 
3.4.2.3. Asia-Pacific 
A number of studies have identified the significant role of REITs in various Asia-Pacific 
jurisdictions. Most importantly, these roles were found to be more prominent in the post-GFC 
investment context, indicating a speedy post-GFC recovery, as well as stronger risk-adjusted 
performance of REIT markets in the Asia-Pacific region. In Singapore, Newell et al. (2015) 
constructed a five-asset investment framework comprising stocks, bonds, listed property 
companies and Singaporean REITs (S-REITs). In the unconstrained asset allocation analysis, 
the researchers found that domestic mixed-asset portfolios were totally dominated by S-REITs 
and bonds. Stocks were only featured in portfolios when S-REITs were upper-bound capped at 
10%. In Taiwan, Peng and Newell (2012) noted that the markedly improved diversification 
benefits of combining Taiwanese REITs (T-REITs) and financial assets had a significant 
bearing on the post-GFC asset allocation of T-REITs. This resulted in T-REITs contributing 
significantly to portfolios, from the lower to the intermediate points of their efficient frontiers. 
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Pham (2011b) examined the added-value benefits of Thai-REITs in Thai domestic mixed-asset 
portfolios. In the pre-GFC and GFC periods, Thai-REITs’ poor risk-adjusted performance, 
together with their poor diversification benefits with the other asset classes, did not fare well 
for their asset allocation. The situation was totally different in the post-GFC context; Thai-
REITs comprised significant proportions of post-GFC domestic mixed-asset portfolios, and 
were more effective substitutes for stocks during this period. The researcher attributed the 
strong role of Thai-REITs to their improvement of risk-adjusted performance and 
diversification efficiency. Newell and Peng (2012) assessed the benefits of Japanese REITs (J-
REITs) in Japanese domestic multi-asset portfolios over 2001-2011. When J-REITs were 
added into a baseline portfolio composed of financial assets, a significant up-shifting of the 
efficient frontier was evident at every point of the risk-return spectrum. Additionally, portfolios 
with J-REITs had longer efficient frontiers, thus enabling fuller portfolio risk-return coverage. 
 
In contrast, the research by Pham (2011a) showed a minimal role of South Korean REITs (K-
REITs) in South Korean mixed-asset portfolios, even in the post-GFC investment context. 
While substantial improvement in risk-adjusted performance was seen in the post-GFC period, 
K-REIT returns were tightly correlated with stock market returns. The researcher opined that 
this caused a lack of distinctiveness for K-REITs, which prevented them from being weighted 
in mixed-asset portfolios. 
 
3.5. REAL ESTATE MUTUAL FUNDS  
Real estate mutual funds (REMFs) are bespoke funds that use the concept of “funds of funds” 
(investment companies that hold shares in other investment companies) and invest almost 
exclusively in property, primarily REITs and listed property companies (commonly known as 
real estate operating companies, REOCs). Since the structure of REMFs does not involve or 
require the ownership of underlying property assets, literature coverage on their investment 
attributes is quite different from that covering REITs and direct property. An ample body of 
literature has examined the investment attributes of REMFs, particularly in the US, Europe and 
Asia-Pacific, with the research theme revolving around the issues of performance persistency, 
the managerial skills of fund managers, and the relationship between fund characteristics and 
risk-adjusted performance. 
 
 
96 
 
3.5.1. Performance and Determinants of Performance 
3.5.1.1. United States 
In the US, several researchers have studied in detail the performance of REMFs (locally known 
as REIT funds; Gallo et al. 2000; O’Neal and Page, 2000; Kallberg et al. 2000; Lin and Yung, 
2000; amongst others). There are different empirical results pertaining to whether REMFs 
exhibit excess return or performance advantages, and these studies have highlighted various 
factors that explain REMF performance.  
 
The study by Gallo et al. (2000) was the first empirical study on the performance of REMFs in 
the US. Some 24 of the 65 REMFs tracked by the Morningstar Mutual Funds database were 
assessed over 1991-1997 and benchmarked against the value-weighted Wilshire Real Estate 
Securities (WRE) REIT index to ascertain whether REMFs can provide excess returns against 
the benchmark public property index. The results obtained were clearly in favour of REMFs; 
the aggregate REMF average monthly returns (1.64% p.m.) were higher than the WRE index 
(1.30% p.m.) at a comparatively lower risk level (3.42% versus 3.58%). With a Sharpe ratio of 
0.37, REMFs were the best-performing investment asset on a risk-adjusted basis. More 
importantly, the outperformance of REMFs was accredited to smart property asset allocation 
by fund managers, whereby strongly-performing sectors were found to be given higher 
weightage in REMF portfolios.  
 
Kallberg et al. (2000) affirmed the presence of positive outperformance (alpha) in their 
examination of 44 REMFs over the 1986-1998 period, even after adjustment for expenses. The 
study also noted that the role of managers was vital during a market downturn; funds with 
active management consistently outperformed passively-managed funds by an average of 2% 
p.a. Rodriguez (2007) documented the superior performance of REMFs compared to the S&P 
500 index between 1994-2004 using a sample of 35 REMFs. In addition, he found evidence of 
abnormal returns relative to the NAREIT composite index during the same period. More recent 
studies by Cici et al. (2011), Kaushik and Pennathur (2012) and Chou and Hardin (2014) 
support the literature that affirms the superior performance of REMFs to benchmark indices. 
Kaushik and Pennathur (2012) and Chou and Hardin (2014) specifically added that the only 
period where REMFs underperformed them was during the 2007-2008 GFC period. Cici et al. 
(2011) documented a strong associativity between REMF outperformance and managers’ 
abilities to make sound investment choices based on information gathering processes. 
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O’Neal and Page (2000) presented a contrasting result with a sample size of 28 REMFs from 
1996-1998. Their findings showed that aggregate REMFs closely tracked the movement of the 
REIT index, and did not show any abnormal performance based on the insignificant Jensen’s 
alpha value of 0.004. On an individual REMF basis, only two REMFs exhibited significant 
alpha values, which indicated strong abnormal returns against the market benchmark in a 
single-fund context. A similar conclusion was drawn in a study by Lin and Yung (2004) when 
they utilised a Fama-French (1993) three-factor model and a Carhart (1997) four-factor model 
to gauge the abnormal performance of 83 funds over the period 1993-2001. The researchers 
further added that the stock market had significant power to explain REMF performance.  
 
Similarly, Chiang et al. (2009) maintained that aggregate REMFs did not outperform the 
benchmark market index. Average alphas using the Jensen and Fama-French three-factor 
models were statistically significant at 3.91% and 1.81%, respectively, below the acceptable 
significance level of 5%. Also, they found that the risk-adjusted performance was influenced 
by the size of the REMFs. No excess performance against the NAREIT or Centre for Research 
in Security Prices (CRSP) indices was observed when they were assessed using Monte Carlo 
simulations by Chiang et al. (2008). Hartzell et al. (2010) studied the performance of REMFs 
with samples ranging from 27 to 235 funds, with the data retrieved from the CRSP 
Survivorship-Bias Free U.S. Mutual Fund Database over 1994-2005. They documented an 
alpha value close to zero at the aggregate level; but at the individual fund level, REMFs did 
show some degree of outperformance. Further, they found that active management was a 
significant factor in delivering better fund performance.  
 
While the aforementioned studies have meticulously assessed the performance persistency and 
risk-adjusted performance of US REMFs, the research of Gullett and Redman (2005) 
contributed to the body of knowledge by assessing the diversification benefits of REMFs in 
mixed-asset portfolios. Their sample of 4,688 REMFs over 2003-2004 showed that the 
aggregate REMF monthly returns exhibited weak correlations with stock market movements. 
Since the stock market was bullish over the study period, individual REMFs with strong 
correlation to the stock market were found to give higher risk-adjusted performance. 
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3.5.1.2. Europe 
Morri and Lee (2009) spearheaded the empirical study on Italian REMFs, which at the time of 
the study comprised of 17 individual REMFs. The risk-adjusted performance of REMFs over 
2005-2008 was assessed and tested to determine whether fund characteristics (such as fund 
size, sectoral and locational allocations), or managerial skills had direct influences on risk-
adjusted performance. The results presented compelling evidence that investors could receive 
higher risk-adjusted returns from REMFs with active management structures, adequate sectoral 
diversification, and unrestricted investment objectives. While the time span of the study was 
limited, the researchers pointed out that they could rule out any survivorship bias - a problem 
usually associated with longer timeframe studies.  
 
3.5.1.3. Asia-Pacific  
Pearce and Newell (1998) assessed REMFs (also known locally as Property Securities Funds; 
PSFs) both in Australia and the Asia-Pacific. They analysed the return performance of three 
Australian REMF funds, namely GEM, ANZ and First State, with a combined asset value of 
AU$268 million. Their analysis, covering the period 1991-1996, showed, on average, that 
REMFs underperformed the overall REIT index on a Sharpe ratio risk-adjusted basis. In 
continuation, Tan (2003) measured the risk-adjusted performance of 23 Australian REMFs 
over 1997-2003 using both the Jensen, Sharpe and Treynor measures, with several benchmark 
indices utilised. Overall, the majority of REMFs showed strong outperformance against the 
Australian All Ordinaries stock index, with half of the REMFs delivering higher performance 
against the UBS 300 REIT index. However, only a single fund delivered consistent alpha 
performance, even though all funds in the study employed an active management style. Further, 
medium-sized funds and manager selection skills were found to have strong relationships with 
REMF risk-adjusted performance.  
 
Margaritova (2008) undertook a study on Asian (excluding Australia) REMFs. The sector was 
represented by fifteen funds from six Asian countries; namely Hong Kong, Japan, Malaysia, 
Philippines, Singapore and Thailand. Her empirical results showed no clear underperformance 
or outperformance, but diversified REMFs were found to exhibit higher alpha values compared 
to specialised funds.  
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Internationally, Eichholtz et al. (2009) studied the style and performance of global REMFs over 
the period 1991-2007. A total of up to 402 REMFs were sampled; 15 Asian, 119 Australian, 
52 European, 110 North American and 106 global, with the Global Property Research (GPR) 
index used as the property market benchmark. On a risk-adjusted basis, the researchers found 
that Australian and North American REMFs recorded negative average returns, while their 
European and global counterparts exhibited abnormal returns. Asian REMFs, on the other 
hand, did not exhibit tangible outperformance. Interestingly, the analysis showed that Asian 
and European funds tended to diversify their portfolios geographically across the region, while 
Australian and US REMFs concentrated on domestic assets.  
 
3.6. UNLISTED PROPERTY FUNDS  
In the US and Europe, property is considered as a vital part of an institutional investor’s 
investment portfolio, and a significant number of institutionally-managed property assets are 
invested through the unlisted property investment vehicle. Compared to other property 
investment vehicles, the literature mainly covers UPFs in the US and only a handful of 
jurisdictions in Europe, with very sparse empirical assessment of the Asia-Pacific region. Even 
so, most existing studies only consider UPF performance, determinants of performance, and 
persistency of performance, and lack comparative assessment with other common asset classes. 
This also means other important investment attributes of UPFs, particularly on the 
diversification potential and the role of UPFs in mixed-asset portfolios, have not been 
sufficiently explored, both in domestic and international investment contexts. Given the nature 
of UPFs as an unlisted investment structure, the existing literature noted that a lack of 
availability of data, and its limited time-span, were the main reasons for the lack of exploration 
of this significant but elusive property investment opportunity. 
 
3.6.1. UPF Performance and Diversification Benefits 
3.6.1.1. United States 
Early studies on unlisted property funds in the US centred mainly in commingled real estate 
funds. Miles and Esty (1982) undertook the first empirical study on UPFs, with the aim of 
determining the relationship between UPF return performance and their portfolio 
characteristics. Their methodology involved a quarterly dataset of 20 open-ended property 
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funds as at 1979. Their findings showed that UPF return performance was strongly and 
positively correlated with the size and age of the fund, the property assets in the US west region, 
values of more than US$ 5 million, and industrial and retail properties. On the other hand, UPF 
returns were found to be negatively correlated with property assets located in the southern US 
region, property values less than US$2.5 million, and investment in office properties. 
Subsequent research by Brueggeman et al. (1984), Hartzell et al. (1987), Goetzmann and 
Ibbotson (1990) and Brueggeman et al. (1992) documented the superior risk-adjusted 
performance of UPFs in various timeframes between 1972-1991. In addition, some of these 
studies showed evidence of UPF’s strong diversification benefits, as they were weakly or 
negatively correlated with financial assets and acted as good inflation hedgers. Fletcher (1993) 
investigated the determinants of UPF performance across 18 UPFs over 1983-1988. His results 
showed that the size of the fund was pivotal in determining its performance, in addition to 
geographical and sectoral attributes. 
 
Corgel and Oliphant (1989) assessed the advantages of diversification within an inter-UPF 
strategy. They concluded that diversification across UPFs was possible and beneficial, with 
multi-UPF portfolios outperforming single UPFs on a risk-adjusted basis. Myer and Webb 
(1992) argued that previous literature on UPF performance was plagued by comparability 
problems, since UPFs were benchmarked against transaction-based indices, which UPFs 
themselves were valuation-driven returns. In order to avoid this problem, they benchmarked 
UPFs against equal-weighted UPFs and the Russell-NCREIF total return index from 1984-
1991; both being valuation-derived indices. Their empirical results showed that a large number 
of UPFs did not exhibit significant positive alphas against the valuation-driven benchmark 
index employed in the study.  
 
It has been empirically determined that the current performance of UPFs can be explained by 
how their predecessor funds performed, which indicates the existence of serial performance 
persistency (Hahn et al. 2005). Gallo et al. (2006) carried out a Sharpe ratio risk-adjusted 
performance analysis of 65 UPFs from 1985-2002, with the NPI index used as a benchmark. 
The researchers documented that only one-third of the 65 UPFs delivered higher Sharpe ratios 
than the NPI, with the aggregate UPF underperforming the NPI. Their empirical evidence also 
affirmed the results of previous literature - that diversifying across different UPFs can reduce 
risk. Interestingly, due to the higher liquidity mandate of open-ended UPFs, higher allocation 
to cash resulted in underperformance compared to closed-ended UPFs. Shilling and 
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Wurtzebach (2012) claimed that the higher returns of value-added and opportunistic style 
strategies relative to core strategies were the result of high leverage and market conditions, 
rather than pure property risk factors. Case (2015) shared a similar observation using 25-year 
quarterly observations from NCREIF Open-end Diversified Core Equity (NCREIF-ODCE) in 
regards to core funds. He also showed the negative effect on performance for highly-leveraged 
UPFs during bear market periods. Notably, he concluded the study with an incisive remark on 
the huge contrast between actual realised UPF total returns and targeted returns. Farrelly and 
Stevenson (2016) encountered similar below-par UPF performance. 
 
Quite recently, Pagliari (2017b) provided a comprehensive performance analysis over 1996-
2012 using a dataset of 600 UPFs sourced from the NCREIF-Townsend Fund Index (NCREIF-
TFI) for value-added and opportunistic UPFs, and NCREIF-ODCE for core UPFs. A sub-
period analysis for pre-GFC and post-GFC investment contexts was also conducted. The results 
indicated that none of the UPF strategies were able to outperform the NPI index in both the full 
period and sub-period analyses. Furthermore, core UPFs were found to deliver higher risk-
adjusted performance in the pre- and post-GFC periods compared to value-added and 
opportunistic UPFs, signifying a disproportionate risk-return trade-off for UPFs in riskier 
investment approaches. 
 
3.6.1.2. Europe 
In the UK, Bond and Mitchell (2010) investigated whether investing in UK-UPFs could 
provide abnormal returns. Jensen’s alpha measure was utilised on a dataset of 280 UPFs 
sourced from the IPD database from 1981-2006. The results showed evidence of abnormal 
performance but it was limited to medium- and long-term investment horizons and confined to 
a limited number of funds. Xing et al. (2010) compared US and UK unlisted property funds by 
segregating them according to style: core, value-added and opportunity. Data for UK’s 62 UPFs 
were retrieved from IPD for Q1:1998-Q1:2009. UK-UPFs were found to have lower gearing 
ratios and were invested strictly in domestic property assets. In addition, UK-UPFs had higher 
concentrations in core-style strategies than value-added styles. Underperformance of UK funds 
from 2003-2009 was also found by Baum et al. (2011), and was characterised by negative alpha 
values and high beta values. Surprisingly, core funds were also found to exhibit higher risk 
levels compared to other riskier fund strategies. However, Baum et al. (2012) recorded marked 
improvement in risk for unlisted property funds, which still underperformed the market 
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(average -0.72% p.a.). Value-added and opportunity funds were found to exhibit higher returns 
from 2001-2006, but they performed poorly during the GFC compared to core funds.  
 
In Germany, Schweizer et al. (2013) demonstrated the majority of German open-ended funds 
to also exhibit abnormal returns, albeit only in the long term. Investigation of the performance 
determinants of German unlisted property funds was carried out by Van Den Heuvel and 
Morawski (2013) in three GFC sub-periods. They found that highly-leveraged funds tended to 
perform well during the pre- and post-GFC periods, and no underperformance was recorded 
during the GFC. Apart from that, sectoral and geographical factors also played vital roles in 
determining the sub-period performance of German funds. 
 
Several studies have empirically assessed the performance of UPFs in a Europe-wide context. 
Over 1998-2009, Kiehela and Falkenbach (2015) analysed 79 non-core European domiciled 
funds corresponding to €47.5 billion in invested capital. Over the full period, UPFs recorded 
contractions in annual returns of 1.3% p.a. UPFs were then benchmarked against the 
EPRA/NAREIT Developed Europe listed property index using the Public Market Equivalent 
(PME) ratio, resulting in UPFs underperforming the European listed property market with a 
PME ratio of 0.89. Delfim and Hoesli (2016) provided comprehensive statistical attributes of 
the UPF markets of five European countries retrieved from the database of the European 
Association for Investors in Non-Listed Real Estate Vehicles (INREV). Summarily, while UK-
UPFs recorded the highest average returns (3.49% p.a.), they also possessed higher risk levels 
(16.88% p.a.). Netherlands UPFs gave the best risk-adjusted performance based on average 
return and risk of 3.09% p.a. and 7.24%, respectively. The total returns of the aggregate 
European UPF market saw some degree of diversification benefits with stocks (r = 0.20), direct 
property (r = 0.51) and listed property (r = 0.42). 
 
A number of studies have explored the determinants of fund performance. Stevenson (2006) 
performed a regression analysis on UPF performance from 2001-2004 in Europe with quarterly 
returns data retrieved from INREV. He claimed no conclusive findings could be established 
due to the lack of historical time-series data and the early stage of the funds. Fuerst and 
Matysiak (2013) utilised panel regression analysis over the period 2000-2011 using the INREV 
database. Both of these studies concluded that country, sector allocations and gearing were the 
important factors in explaining return performance. Baumer et al. (2010) showed that the size 
of property funds, management costs and hurdle rates could inversely affect funds’ 
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performance. Fuerst et al. (2014) provided an update on UPF performance drivers using the 
same INREV database, and found that macroeconomic performance, the property market, 
gearing and fund size contributed positively to return performance.  
 
Several non-empirical studies are also available, which provide an understanding of the 
European UPF market. For instance, Key and Lee (2008) performed an in-depth review on the 
styles of UPFs in the European market, while Brounen et al. (2007) discussed the transparency 
and development of UPFs in Europe. 
 
3.6.1.3. Asia-Pacific  
The availability of literature on unlisted property markets in the Asia-Pacific region is very 
limited. While UPFs play an important part in the portfolios of superannuation funds in 
Australia, only two studies are available that have sought to assess the significance of this 
vehicle. Newell (2007b) measured the performance of UPFs in Australia from Q3:1995-
Q4:2006 and found that the funds outperformed A-REITs and shares, but underperformed 
direct property. Similarly, Higgins (2010) analysed the performance of the Australian UPF 
market from 2001-2009 involving 12 UPFs. His findings were not promising, as UPFs were 
extremely volatile and the majority of the funds exhibited higher risk levels compared to the 
market benchmark. On a risk-adjusted basis, no evidence of excess returns was recorded.  
 
On a global scale, Tomperi (2010) assessed the performance of global UPFs using a dataset of 
339 UPFs sourced from Preqin. In terms of absolute returns, UPFs delivered 14.61% p.a., 
attached to a variation of 17.17%. However, the researcher did not provide a performance 
comparison with other asset classes. The research by Alcock et al. (2013) showed that there 
was no discernible risk-adjusted performance advantage by investing in opportunistic UPFs, as 
they were the worst performer in terms of Jensen’s alpha values derived from a sample of 169 
UPFs. Fisher and Hartzell (2016) investigated the performance of global UPFs, which 
comprised a sample size of 706 funds, with varying geographic focuses, namely Asia, Europe, 
North America and South America, with a total committed capital of $440 billion. With the 
NPI, NAREIT Equity REIT and S&P 500 used as benchmarks, UPFs delivered lower 
performance compared to direct property and REITs, and outperformance against stocks was 
only evident in UPFs introduced before 2005. Aarts and Baum (2016) observed the 
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performance persistency effect in their study on global UPFs between 1990-2009, but this 
effect was evident only in immediate fund successors. 
 
3.6.2. UPFs’ Role in Mixed-Asset Investment Portfolios 
3.6.2.1. United States 
The aforementioned study by Brueggeman et al. (1984) was the only empirical investigation 
in the US that investigated the role of UPFs in enhancing mixed-asset portfolio performance. 
A portfolio composed of stocks, bonds, cash and UPFs consistently outperformed portfolios 
with pure financial asset components, and portfolio composition was heavily occupied by 
UPFs. In fact, the full five-asset portfolio gave the most efficient frontier curve compared to 
two-, three-, and four-asset portfolios, signifying that UPFs can be effectively mixed and 
matched with any common asset class.  
 
NAREIT (2011) was the first investigation to propose a blended property portfolio structure to 
maximise risk-adjusted performance. Using quarterly observations from NCREIF ODCE, TFI 
and NAREIT Equity REIT indices spanning 22 years, the study showed that optimally 
configuring UPFs and REITs in a single portfolio structure could result in remarkable 
improvements in risk-adjusted portfolio performance. Specifically, the study found that an 
allocation of 49% core UPFs, 21% opportunistic UPFs and 30% REITs delivered the highest 
Sharpe ratio, outperforming all standalone property assets on a risk-adjusted basis. However, 
the study stopped short of exploring the impact of blended property structures in mixed-asset 
portfolios. 
 
3.6.2.2. Europe 
Moss and Farrelly (2014) presented a novel approach to enabling UPF exposure in UK mixed-
asset portfolios through a blended property structure. This was made possible by harnessing 
the benefits of diversification of UK-UPFs and global listed property assets. Using a simple 
blend of 70% UPFs and 30% global listed property (70:30), cumulative total returns over 1998-
2013 were 197.7%, which outperformed stocks (109.4%) and UPFs (106.4%). Similarly, 
Farrelly and Moss (2014) demonstrated that a 70:30 blended property portfolio (Sharpe ratio = 
0.62) improved risk-adjusted performance compared to a 100% UPF structure (Sharpe ratio = 
0.60). Also, a mixed-asset portfolio exposed to a 10% blended property component (Sharpe 
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ratio = 0.44) had higher risk-adjusted performance than a portfolio with pure financial assets 
(Sharpe ratio = 0.41), while delivering comparable performance to a mixed-asset portfolio with 
10% exposure in pure UPFs (Sharpe ratio = 0.45). The researchers claimed that by obtaining 
property exposure through a blended property structure, investors would be able to obtain other 
benefits not quantified in the analysis, namely transparency and liquidity benefits, which are 
otherwise not possible in a portfolio of pure UPFs.  
 
3.7. PROPERTY MARKET LINKAGES 
Studies cited in earlier sections of this chapter showed that both direct and indirect (public and 
private) property markets possess insignificant correlation figures, signifying that they 
complement each other’s roles in a mixed-asset portfolio. Also, various studies highlighted the 
low correlation of both direct and unlisted property markets with other asset classes. However, 
Hoesli and Oikarinen (2012) pointed out that linkages between public and private property 
markets may actually be stronger than that suggested by the correlation test. They further 
indicated that this relationship can only be observed through proper long- and short-term 
linkages test. This section aims to highlight some of the studies that explored the property 
market linkages theme, as this would give theoretical and methodological contributions to one 
of the research objectives of this study; that is to assess the long- and short-term linkages 
between UPFs and major asset classes. This section is subdivided into three areas, as it 
distinguishes between different dimensions of property market linkages, namely (1) between 
direct property and stocks, (2) between public property and stocks, (3) between direct property 
and indirect property. 
 
3.7.1. Linkages between Direct Property and Stocks 
The study of Liu et al. (1990b) was the first study that sought to determine whether or not 
commercial property market was integrated or segmented with the stock market, by using US 
data. This study involved the use of quarterly returns of valuation-derived direct property and 
the S&P 500 stocks over Q2:1978-Q3:1986. The result from the single-factor Capital Asset 
Pricing Model (CAPM) adopted by the researchers did not show any evidence of the US direct 
property being integrated with the US stock market. Okunev and Wilson (1997) extended the 
study of Liu et al. (1990b) by including longer time series data in the US over 1979-1993. They 
used the widely adopted Engle-Granger two-step cointegration test as well as the non-linear 
test. The result from the Engle-Granger test further corroborated the previous study in the US 
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that the direct property market was segmented, although the non-linear test suggested partial 
integration with the stock market. The same research theme was explored by Quan and Titman 
(1997) by using the cross-sectional time-series test, with the scope of study expanded to 17 
countries globally using annual JLW data over 1984-1996. No relationship between direct 
property and stocks was found in the US, which was consistent with prior studies, but 
statistically significant and strong relationships were observed in many Asian countries. These 
studies suggest that the US direct commercial property market could offer diversification 
benefits in a mixed-asset portfolio with long-term investment horizon. 
 
In the UK, Fraser et al. (2002) examined the relationship between the direct property market 
with both gilts and stocks using the Engle-Granger two-step cointegration method and the 
Johansen cointegration test. Interestingly, the cointegrating relationship could not be 
conclusively determined, as the two methods gave contradictory results. A short-run linkage 
analysis was then performed by using the Granger causality test to seek for evidence of lead-
lag causal flow to and from the direct property market. The result revealed direct property 
returns contained temporal information from the movement of bonds and stocks. 
 
In an Australian context study by Wilson et al. (1996), traces of cointegration between the 
direct property market and the stock market were detected, but the authors added that the 
cointegrating relationship between these two variables was weak. Contrasting findings were 
obtained in a more recent study by Yong and Pham (2015), where they found a strong 
integration between direct property and stocks after the Australian direct property returns were 
de-smoothed using the Autoregressive Fractionally Integrated Moving Average (ARFIMA) 
process.  
 
Lin and Lin (2011) investigated if there exist long- and short-term linkages between the stock 
and real estate markets in six major Asian jurisdictions, namely Japan, Hong Kong, Singapore, 
China, South Korea and Taiwan. Their findings showed a cointegrating relationship was found 
between the two variables in Japan, with partial integration was evident in Hong Kong, China 
and Taiwan. However, long-term diversification benefits were offered by the direct property 
market in both Singapore and South Korea, as no relationship was observed between direct 
property and stocks in both of these countries. Further, the short-term causality test exhibited 
evidence of causal flow from the direct property market to the stock market in Taiwan and 
Singapore.  
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By utilising the Autoregressive Distributed Lag (ARDL) cointegration model, Liow (2006) 
found that the office and residential property sectors were integrated in the long-term with the 
stock market in Singapore. Further, office properties were found to influence the stock market 
at a higher degree compared to residential properties. However, the integration effects reduced 
when several macro-economic variables were controlled in the model. 
 
3.7.2. Linkages between Public Property and Stocks 
There have been intense debates as to whether REITs should be classified as property 
investment or equities, and this has attracted extensive literature covering this key research 
question. Mixed findings were observed in early studies on the long-run integration of public 
property and stock markets (Li and Wang, 1995; Okunev and Wilson, 1997; Ling and Naranjo, 
1999; Quan and Titman, 1999).  
 
However, later studies have shown that the securitized property market has the tendency to 
perform like its direct counterpart in the long-run. Using monthly total returns data over 1972-
1996, Glascock et al. (2000) found REITs were strongly cointegrated with both inflation and 
fixed-income instruments prior to 1992, but after 1992 they were strongly associated with 
stocks, and in particular, small market capitalisation stocks. Lee and Chiang (2010) arrived at 
a different conclusion when they investigated the level of integration between REITs and stocks 
by using 1990 as the structural break to mark the significant growth of the REIT market in the 
US. This resulted in the integration between REITs and stocks to be non-existent. They 
concluded that REITs behaved more like private property after 1990. Diversification benefits 
were offered by some Asia-Pacific listed property market, as Garvey et al. (2001) did not find 
any evidence of co-movement between public property markets in Australia, Hong Kong, 
Japan and Singapore. A number of subsequent studies explored cross-continent diversification 
benefits in property stocks by using the cointegration analysis, such as between Asia-Pacific 
and Europe (Liow et al. 2005), Asia-Pacific and the US (Yunus and Swanson, 2007) and Asia-
Pacific, North America and Europe (Gallo and Zhang, 2010). Overall, the majority of these 
studies confirmed the weak inter-country listed property markets integration. 
 
Hoesli and Oikarinen (2012) undertook a study to determine whether public property returns 
were linked stronger to the direct property or the stock market returns, involving three major 
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property markets, the US, UK and Australia. In addition to using property and stock market 
indices, the authors included sector-level data from early 1990 to 2010. The results from the 
variance decomposition and impulse response analyses revealed that the public property market 
in these three countries closely resembled the direct property market in the long-run, indicating 
that REITs had their performance impacted by the underlying property assets. This also 
suggests that direct property and public property are substitutable in the long-term investment 
horizon. Contrary to prior expectations, the results suggest that public property should be able 
to complement stocks in a long-horizon investment portfolio due to the differences in the 
diversification properties. In the short-term horizon, REITs’ inter-relationship with stocks was 
stronger compared to direct property. Similar results were achieved by Yunus et al. (2010). 
 
3.7.3. Linkages between Direct Property and Indirect Property 
Giliberto (1990) was the first study to specifically investigate the relationship between direct 
and indirect property investment vehicles. An intertemporal relationship was found between 
US equity REITs and direct property, in that direct property returns were connected to the 
lagged returns of equity REITs. This result suggests that the liquid and transaction-based data 
from the public property market contains price information which can be used to extrapolate 
the smoothed and lagged direct property returns. This finding is corroborated by Myer and 
Webb (1993), who explored short-term linkages between direct and public property investment 
vehicles by using the Granger causality test. In their conclusion, they stated that public property 
returns led direct property returns. Similarly, Barkham and Geltner (1995) indicated there must 
be a price discovery mechanism since public property returns pulsate into the subsequent 
movement of direct property returns. Their research findings however, showed that the private 
property market was not fully receptive of the information flow from the public property 
market in the US and UK.  
 
Morawski et al. (2008) examined direct-public property interactions by using longer time series 
data over 1978-2006 in the US, which they indicated would have more significant power to 
explain any co-movement between the two markets. Their findings showed integration between 
the direct and public property markets in both countries. Oikarinen et al. (2009) supported the 
idea of an inter-relationship between direct and public property markets, in which they 
estimated the long-run coefficient of 0.65 towards the US direct property market, was 
consistent with the 35% average leverage level of US-REITs. This was obtained even though 
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the NCREIF and NAREIT indices had different weightings in property sector. Moreover, a 
one-way causality was detected running from US-REITs to the NCREIF index, which means 
the direct property market could be used to predict the movement of the securitized property 
market. 
 
A comparable study by Yunus et al. (2010) revealed that direct and public property markets in 
Australia, the Netherlands, UK and US were both cointegrated in the long-run and causally 
related in the short-run. This implies there are limited portfolio diversification benefits as these 
two property conduits are seen as substitutes rather than complementary in a mixed-asset 
investment portfolio. Lee et al. (2012), Boudry et al. (2012) and Hoesli and Oikarinen (2012) 
reached the same conclusion in their studies.  
 
Anderson et al. (2016) were the first to examine the interaction between UPFs and the direct 
property market. The analysis was based on quarterly index-level data in the US over 1990-
2012. Valued-added and opportunity UPFs were proxied to NCREIF/Townsend Fund Index, 
while NPI represented direct property. VECM and variance decomposition methods were 
utilized to capture any integration between these two unlisted property investment vehicles. 
Opportunity UPFs were found to have both long- and short-term linkages with direct property, 
while only long-term linkages were found between value-added UPFs and direct property. This 
suggests that both opportunity and value-added UPFs were closely related to their underlying 
property assets in the long-run. However, the authors stopped short of indicating that both UPFs 
and direct property were substitutes since they have different risk-return properties. Therefore, 
UPFs and direct property should have their own allocation in mixed-asset portfolios. 
 
3.8. SUMMARY AND GAPS IN THE CURRENT LITERATURE 
This chapter has reviewed the extensive literature on various property investment vehicles, 
namely: traditional direct property, REITs, REMFs and UPFs, in the US, European and Asia-
Pacific regions. In so doing, the issues of performance, diversification benefits and roles in 
mixed-asset portfolios were elucidated.  
 
Even though property in general has been the focal point in an overwhelming number of 
investment- and finance-related studies, published research on the investment attribute of UPFs 
as a property investment asset-class is scarce, particularly in the Asia-Pacific and European 
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markets. Despite their rapid growth and institutional investors’ interest in UPFs as evident in 
Chapter 2, previous literature has chiefly focused on securitised property investments such as 
REITs. At the same time, direct property and REMFs dominate the literature on the unlisted 
front. Owing to the fact that UPFs are not an entirely new property investment structure in the 
US, Europe and Asia-Pacific, it is surprising that there has been limited investigation of the 
performance and role of this sector. In the past five years, there has been a number of studies 
on US and European UPFs, but they are limited mostly to performance determinants. 
Furthermore, there has been almost non-existent coverage in the Asia-Pacific. None of the 
recent studies have specifically provided comparative performance analyses of UPFs with 
mainstream asset classes in domestic, regional and global investment contexts. More 
importantly, none of the reviewed studies has investigated the diversification efficiency and 
added-value role of UPFs in multi-asset investment strategies at domestic, regional and global 
levels. The paucity of fund performance data and a lack of transparency are among several 
issues raised by previous researchers. In certain cases, researchers concluded that their analyses 
were constrained by time factors, and the periods analysed were inadequate to make precise 
conclusions about UPF performance over time. 
 
Overall, having established the significant interest in, and increased importance of, unlisted 
property funds in the global investment arena in Chapter 2, this chapter reviewed the literature 
on this significant property investment vehicle. It found the literature to be extremely limited, 
and this is what this thesis intends to remedy. Based on the theoretical and methodological 
background provided in this chapter, the next chapter will take a closer look at the data and 
methodology employed to achieve the aims and objectives of this research study.  
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CHAPTER 4   
DATA AND METHODOLOGY 
This chapter provides a description of the dataset and the methodologies utilized in this 
research. The aim of this chapter is to provide a fuller understanding of the interpretation of 
the results in successive chapters. In addition to this, limitations in both the dataset and 
methodology are discussed.  
 
4.1. INTRODUCTION 
The previous chapter reviewed and discussed the literature on the investment attributes of 
various property investment conduits, and their value-adding role in investment portfolios. A 
paucity of literature on unlisted property funds (UPFs) was clearly identified. This research 
attempts to bridge this gap by quantifying and highlighting the risk-adjusted performance, 
diversification benefits and value-adding role of UPFs in mixed-asset portfolios in domestic, 
regional and global investment contexts. To achieve this objective, it is necessary to delineate 
the types of data used and their timeframes, and the methods used to analyse them; this being 
the purpose of this chapter. Four methodological clusters, namely (1) performance analysis, (2) 
asset allocation analysis, (3) blended property portfolio analysis and (4) long- and short-term 
linkage analyses, are elaborated in detail. This enables a fuller understanding of the data and 
methods utilised and, whenever applicable, their limitations will be addressed.  
 
4.2. TYPE OF DATA AND TIMEFRAME 
The first step of the analysis involved the collection of time-series data. Quarterly total UPF 
returns over the six-year period Q1:2010 to Q4:2015 were obtained for analysis. For 
comparative performance analysis and to gauge the effectiveness of UPFs in inter-asset 
diversification strategies, the quarterly total returns for major asset classes, namely stocks, 
bonds, REITs and listed property companies, were obtained for the same period. This was used 
for analyses at domestic, regional and global levels. Notably, as the UPF data series was 
constructed using partial input from the appraised value of individual property assets, a de-
smoothing procedure was applied to remove any valuation-smoothing bias. This resulted in 
one quarter of the total return data being consumed in the computation of the de-smoothed UPF 
series. The resulting time series used for analysis effectively covered Q2:2010-Q4:2015. 
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Details on the de-smoothing procedure are elaborated in Section 4.3.3.1. While a longer time 
series of data was preferable, only a low amount of historical data was available (due to the 
less-transparent nature of UPFs compared to traditional, publicly-traded investment media such 
as stocks and REITs). The time period covered represents the full timeframe for the ANREV 
and INREV UPF series. The researcher is of the view that the 24-observation time series of 
data is adequate for achieving the objectives of this research. Moreover, this research does not 
employ the type of complex methodological procedures that require a much longer time span 
and larger number of observations. 
 
4.3. SOURCES OF DATA 
4.3.1. Unlisted Property Funds  
Quarterly total returns for UPFs used for this research were retrieved from three main sources 
corresponding to the three regions under study. They were the Asian Association for Investors 
in Non-Listed Real Estate Vehicles (ANREV; representing the Asia-Pacific UPF market), the 
European Association for Investors in Non-Listed Real Estate Vehicles (INREV; representing 
the European UPF market) and the National Council for Real Estate Investment Fiduciaries 
(NCREIF; focusing on the US UPF market). In summary, ANREV, INREV and NCREIF 
assess the investment performance of UPFs by tracking the capital and distribution components 
of individual UPFs in their respective jurisdictions. These two components are derived from 
UPFs according to their property assets held for investment purposes within one of the three 
aforementioned regions. Thus, a fund’s domicile is determined based on the geographical 
location of their core property assets. Based on these data, ANREV, INREV and NCREIF 
provide a quarterly total return composite index at both domestic and regional levels. The 
methods involved in the construction of the index are further elaborated in Section 4.3.3. 
 
4.3.1.1. Asia-Pacific  
The principal dataset for Asia-Pacific UPFs was provided by ANREV. As of December 2015, 
ANREV tracked the performance of 84 Asia-Pacific UPFs from over 30 fund managers with a 
combined gross asset value (GAV) of $81.9 billion. Figure 4.1 shows the ANREV GAV 
allocation by country, fund style and structure, while Table 4.2 provides some of the major 
ANREV database contributors. Three major Asia-Pacific property markets contributed 
significantly to the ANREV total GAV, with property assets located in Australia accounting 
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for more than half (57%; $46.7 billion). The rest of the country-specific property asset 
demography included China (10.7%; $8.8 billion) and Japan (6.9%; $5.7 billion). Sub-indices 
are not produced for all Asia-Pacific countries, with many of these countries reflected in the 
multi-country sub-index. The ANREV UPFs were segregated into core, value-added and 
opportunity styles, based on the investment strategy adopted by funds. A balanced composition 
of styles was evident in the ANREV database, with funds relatively evenly split between the 
three styles, with the majority of the funds operated in an open-end structure (79%; $64.7 
billion). This ANREV quarterly index has improved considerably in depth and stature, initially 
comprising only 61 funds with $45.2B GAV at Q1:2010. 
 
Figure 4.1 ANREV Composition by Country, Style and Structure: December 2015  
  
 
Source: ANREV (2016) 
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Table 4.1 Major Contributors to the ANREV Database: December 2015 
 Fund Manager Fund 
Lend Lease One International Towers Sydney Trust 
AMP Capital AMP Capital Diversified Property Fund 
ISPT ISPT Core Fund 
Alpha Alpha Asia Macro Trends Fund II 
BlackRock BlackRock Asia Fund II 
Pramerica TMW Asia Property Fund I 
Orion Partners Ostara China Real Estate Fund I 
Grosvenor Grosvenor Vega China Retail Fund 
CBRE Nozomi Real Estate Fund 
AXA Tokyo Office Property Fund 
Source: ANREV (2016) 
 
For analysis purposes, this research extensively used the ANREV quarterly total return data 
series to assess the performance of Asia-Pacific UPFs in both domestic and regional contexts. 
At the Asia-Pacific regional level, three ANREV regional UPF data series were utilised, 
namely: (1) all funds; (2) all funds excluding Australia and; (3) all funds excluding Australia 
and Japan. Three ANREV single-country UPF data series were employed to investigate 
domestic investment contexts, available for Australia, China and Japan. The UPF markets in 
other Asia-Pacific countries were too small to have their own composite total return series. 
Table 4.2 profiles the ANREV regional and single-country UPF indices. There is a delay of 
approximately 4 months before the index data becomes available by ANREV; e.g.: Q4:2015 
indices are available in April 2016. 
 
Table 4.2 ANREV Regional and Domestic UPF Index Profile: December 2015 
Market Number of funds Total GAV ($ billion) 
Regional    
All funds 84 81.9 
All funds ex. Australia 63 37.9 
All funds ex. Australia & Japan 52 35.8 
Domestic   
Australia 20 43.9 
China 8 4.1 
Japan 11 2.1 
Source: ANREV (2016) 
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4.3.1.2. Europe 
INREV is the principal database that indicates the performance of active European-domiciled 
UPFs targeting core- and value-added-style property investments. Fund style is self-reporting 
and opportunity fund was not a category; only core and value-added. Figure 4.2 presents the 
INREV UPF profile, while Table 4.3 lists the most prominent INREV database contributors. 
As of December 2015, there were 241 funds tracked by INREV with €166.3 billion in GAV. 
Within INREV, the UK was the largest market amongst European UPFs, comprising 29% of 
the INREV GAV. Other major European UPF markets comprised the Netherlands (14%), 
Germany (12%) and France (6%). In addition, the majority of funds in the INREV database 
pursued the conservative core strategy (79%), with the remaining European UPFs opting for 
the value-added strategy (21%).  
 
To assess the investment attributes of European UPFs in regional and domestic contexts, three 
regional and five domestic UPF quarterly total return data series were sourced from INREV. 
The three regional series comprised: (1) all funds; (2) all funds excluding the UK and; (3) all 
funds excluding the UK and Germany. The five domestic European UPF markets investigated 
were those of the UK, Germany, the Netherlands, France and Finland. Table 4.4 profiles the 
INREV regional and single-country UPF indices. There is an approximately two months delay 
for the INREV index data to become available; e.g.: Q4:2015 indices are available in February 
2016. 
 
Table 4.3 Major Contributors to the INREV Database: December 2015 
Fund Manager Fund 
Deka Immobilien KVMS-Domus-Fonds No. 1 
Credit Suisse Credit Suisse 1a Immo PK 
Standard Life European Property Growth Fund 
Union UniInstitutional Real Estate 
M&G M&G European Property Fund 
Cordea Savills Nordic Retail Fund 
Invesco Central European Real Property Fund II 
Internos Internos Hotel Real Estate Fund 
Warburg-Henderson Germany High Income Fund 
Patrizia Buro-Invest Europa I 
Source: INREV (2016) 
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Figure 4.2 INREV Composition by Country, Style and Structure: December 2015  
  
 
Source: INREV (2016) 
 
Table 4.4 INREV Regional and Domestic UPF Index Profile: December 2015 
Index Number of funds Total GAV (€ billion) 
Regional    
All funds 241 166.3 
All funds ex. UK 197 105.6 
All funds ex. UK & Germany 174 87.9 
Domestic   
UK 44 60.7 
Germany 23 17.7 
Netherlands 23 8.4 
France 11 2.2 
Finland 8 1.6 
Source: INREV (2016) 
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4.3.1.3. United States 
The principal dataset for US-UPF quarterly total returns was derived from the NCREIF Fund 
Index (NFI) – Open-end Diversified Core Equity (ODCE). The NFI-ODCE index reported the 
investment returns of 96 UPFs across the US as at December 2015. The total GAV stood at 
$266.4 billion, with the funds categorised into eight main US regions, two fund styles: core 
and non-core as well as two fund structures: open-end and closed-end. Figure 4.3 depicts the 
NFI-ODCE GAV allocation by region, fund style and structure. The majority of UPFs in the 
NFI-ODCE were structured in an open-ended investment format, and all property assets were 
located in the US. Table 4.5 presents the major contributors to the NFI-ODCE Index. 
 
Figure 4.3 NFI-ODCE Composition by US Region, Style and Structure: December 2015  
  
 
Source: GREFI (2016) 
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The US UPFs is the only UPF market in the Americas region with performance series available 
for analysis purposes. Given the significant size of the US UPF market, this is taken as 
representing the Americas region. The NFI-ODCE index dates back to Q4:1977, but in order 
to ensure consistency and comparability with the ANREV and INREV indices, data is gathered 
starting from Q1:2010  Table 4.6 provides the profile of the NFI-ODCE all funds index.  
 
Table 4.5 Major Contributors to the NFI-ODCE Database: December 2015 
Fund Manager Fund 
JP Morgan JPMCB Strategic Property Fund 
PGIM/Pramerica Prudential US Real Estate Fund 
UBS UBS Turnbull Property Fund 
Clarion Lion Properties Fund 
Morgan Stanley Granite Fund 
AEW Capital AEW Core Property Trust 
Blackrock Blackrock US Core Property Fund 
Henderson Phoenix RESA 
Heitman First Chicago Real Estate Fund 
TIAA-CREF TIAA-CPF 
Source: NCREIF (2016)  
 
Table 4.6 NFI-ODCE UPF Index Profile: December 2015 
Index Number of funds Total GAV ($ billion) 
All funds 96 266.4 
Source: GREFI (2016) 
 
4.3.1.4. Global 
The Global Real Estate Fund Index (GREFI) describes the quarterly total returns of UPFs at 
the global level. The GREFI is the initiative of ANREV, INREV and NCREIF, and provides a 
benchmark series for globally-diversified UPFs. By aggregating the information contained in 
the ANREV, INREV and NCREIF databases, articulation of global UPF market performance 
using an aggregate index format is possible. Specifically, the GREFI quarterly total return data 
series is computed by using the GAV-weighted average return and the equity of all funds in 
the ANREV, INREV and NFI-ODCE indices.  
 
Figure 4.4 and Table 4.7 depict the global UPF profile as at December 2015. The global fund 
index comprised 430 UPFs, corresponding to a total GAV of $555.0 billion. The US UPF 
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market alone accounted for almost half (48%) of the total GREFI GAV, with UPFs adopting a 
globally-diversified strategy contributing the least (2%). Consistent with the ANREV, INREV 
and NFI-ODCE profiles, open-end funds contributed to more than three-quarter of the global 
UPF GAV. 
 
Figure 4.4 GREFI Composition by Region, Style and Structure: December 2015  
  
 
Source: GREFI (2016) 
 
Table 4.7 GREFI UPF Index Profile: December 2015 
Index Number of funds Total GAV ($ billion) 
All funds 430 555.0 
Source: GREFI (2016) 
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4.3.2. Mainstream Asset Classes 
4.3.2.1. Cash and Bonds 
At the domestic level, total returns for the bonds asset class were proxied to the ten-year 
government bond yield for each of the domestic jurisdictions, with the risk-free rate (cash) 
represented by the three-month deposit rates. The CitiGroup Broad Investment-Grade (BIG) 
Asia-Pacific, JP Morgan (JPM) Government Bond Index (GBI) Europe 1 to 10-Year Maturity 
and JPM GBI Global All Maturities indices describe the performance of bond asset class in the 
Asia-Pacific, European and global regions respectively. 
 
4.3.2.2. Stocks 
The majority of the domestic stock market total return data were proxied to the Morgan Stanley 
Capital International (MSCI) stock market total return index. In general, the constituents of the 
MSCI domestic stock market index comprised large and medium market capitalisation 
companies, providing coverage of at least 80% of the total free-float market capitalisation for 
a particular jurisdiction. On the other hand, the Financial Times Stock Exchange (FTSE) China 
35 index was used to represent the Chinese domestic stock market due to the lack of coverage 
by the MSCI database.  
 
At the regional frontier, the data for stock markets were sourced from the MSCI All Countries 
Asia Pacific and Europe total return indices. However, several bespoke indices were 
constructed to match the attributes of regional UPF sub-indices. For the Asia-Pacific, two 
custom market value-weighted total return indices were created, namely the MJM/WSU Asia-
Pacific Equities ex. Australia and the MJM/WSU Asia-Pacific Equities ex. Australia and Japan. 
In Europe, the market value-weighted MJM/WSU Europe Equities ex. UK and Germany total 
return index was constructed to match the INREV All Funds ex. UK and Germany UPF total 
return index. At the global level, the MSCI All Countries World Index (ACWI) was chosen to 
represent the aggregate global stock market. With a collection of over 2,400 large and medium 
market capitalisation stocks across 23 developed and 23 emerging countries, the MSCI ACWI 
is the most robust benchmark index for the global stock market.  
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4.3.2.3. REITs and Listed Property Companies  
The quarterly total return data for domestic REITs were sourced from the FTSE / European 
Public Real Estate Association (EPRA) / National Association of Real Estate Invest Trusts 
(NAREIT) REITs database. The only exception was the domestic REIT market for China, 
whereby the Standard & Poor’s (S&P) Greater China REIT (covering both Hong Kong and 
Taiwan REITs) index was used instead, as currently there are no China REITs. The 
FTSE/EPRA/NAREIT non-REIT index acted as a proxy for a listed property companies index 
in several domestic markets. However, a custom value-weighted MJM/WSU total return 
index for listed property companies had to be constructed for Australia, the Netherlands and 
France due to the inactive FTSE/EPRA/NAREIT non-REIT index for these markets. At the 
regional level, Asia-Pacific and European REIT indices were sourced from S&P and MSCI, 
respectively. Four bespoke market value-weighted MJM/WSU regional REIT sub-indices for 
Asia-Pacific and Europe were developed to match the geographical attributes of the ANREV 
and INREV regional UPF sub-indices. Lastly, the global REIT market was proxied to the 
MSCI ACWI REIT index.  
 
This research does not include direct property performance series as the researcher has limited 
access to direct property database. Further, the direct property market coverage by MSCI is 
only available in select countries. Further, it is only available on a subscribe-only basis and the 
subscription cost exceeds the budget of this research. Table 4.8 describes the data series used 
for the domestic context, while Table 4.9 provides descriptions of the data series used for 
regional and global contexts. 
 
Table 4.8 Data Description: Domestic 
Markets Assets Data series 
Australia UPFs ANREV Australian Funds TRI (AU$) 
 Bonds AU Commonwealth 10-year Government Bonds 
 Stocks MSCI Australia TRI (AU$) 
 REITs FTSE/EPRA/NAREIT Australia REITs TRI (AU$) 
 Listed PCs MJM/WSU Australia Listed PCs TRI (AU$) 
 Cash AU 3-month Interbank Rate 
Japan UPFs ANREV Japanese Funds TRI (JP¥) 
 Bonds JP Interest-bearing 10-year Government Bonds 
 Stocks MSCI Japan TRI (JP¥) 
 REITs FTSE/EPRA/NAREIT Japan REITs TRI (JP¥) 
 Listed PCs FTSE/EPRA/NAREIT Japan Non-REITs TRI (JP¥) 
 Cash JP 3-month Interbank Rate 
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China UPFs ANREV Chinese Funds TRI (CN¥) 
 Bonds CN 10-year Government Bonds 
 Stocks FTSE China 35 TRI (CN¥) 
 REITs S&P Greater China REITs TRI (CN¥) 
 Listed PCs S&P China Property TRI (CN¥) 
 Cash CN 3-month Deposit Rate 
US UPFs NFI-ODCE TRI ($) 
 Bonds US Treasury 10-year Constant Maturity 
 Stocks MSCI USA ($) 
 REITs FTSE/EPRA/NAREIT US REITs TRI ($) 
 Listed PCs FTSE/EPRA/NAREIT US Non-REITs TRI ($) 
 Cash US 3-month Treasury Bill Rate 
UK UPFs INREV United Kingdom Funds TRI (£) 
 Bonds UK 10-year Central Government Securities 
 Stocks MSCI UK TRI (£) 
 REITs FTSE/EPRA/NAREIT UK REITs TRI (£) 
 Listed PCs FTSE/EPRA/NAREIT UK Non-REITs TRI (£) 
 Cash UK Sterling 3-month Deposit Rate 
Germany UPFs INREV German Funds TRI (€) 
 Bonds BD Long-term 10-year Government Bonds 
 Stocks MSCI Germany TRI (€) 
 REITs FTSE/EPRA/NAREIT Germany REITs TRI (€) 
 Listed PCs FTSE/EPRA/NAREIT Germany Non-REITs TRI (€) 
 Cash UK Sterling 3-month Deposit Rate 
Finland UPFs INREV Finnish Funds TRI (€) 
 Bonds FN 10-year Government Bonds 
 Stocks MSCI Finland TRI (€) 
 REITs Not available 
 Listed PCs FTSE/EPRA/NAREIT Finland TRI (€) 
 Cash FN Helibor 3-month Deposit Rate  
France UPFs INREV French Funds TRI (€) 
 Bonds FR 10-year Government Benchmark Bonds 
 Stocks MSCI France TRI (€) 
 REITs FTSE/EPRA/NAREIT France REITs TRI (€) 
 Listed PCs MJM/WSU France PCs TRI (€) 
 Cash BD EU-Mark 3-month Deposit Rate 
Netherlands UPFs INREV Dutch Funds TRI (€) 
 Bonds NL 10-year Latest Central Government Bonds 
 Stocks MSCI Netherlands TRI (€) 
 REITs FTSE/EPRA/NAREIT Netherlands REITs TRI (€) 
 Listed PCs MJM/WSU Netherlands PCs TRI (€) 
 Cash NL EU-Guilder 3-month Deposit Rate  
Note: TRI = Total Return Index 
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Table 4.9 Data Description: Regional and Global 
Markets Assets Data series 
Asia-Pacific UPFs ANREV All Funds TRI ($) 
 Bonds CitiGroup BIG Asia-Pacific TRI ($) 
 Stocks MSCI All Country Asia-Pacific TRI ($) 
 REITs S&P Asia-Pacific REITs TRI ($) 
Asia-Pacific UPFs ANREV All Funds ex. Australia TRI ($) 
ex. Australia Bonds CitiGroup BIG Asia-Pacific TRI ($) 
 Stocks MJM/WSU Asia-Pacific Equities ex. Australia TRI ($) 
 REITs MJM/WSU Asia-Pacific REITs ex. Australia TRI ($) 
Asia-Pacific UPFs ANREV All Funds ex. Australia and Japan TRI ($) 
ex. Australia Bonds CitiGroup BIG Asia-Pacific TRI ($) 
and Japan Stocks MJM/WSU Asia-Pacific Equities ex. Australia and Japan TRI ($) 
 
REITs MJM/WSU Asia-Pacific REITs ex. Australia and Japan TRI ($) 
Europe UPFs INREV All Funds TRI (€) 
 Bonds JPM GBI Europe 1 to 10-year Bonds TRI (€) 
 Stocks MSCI Europe TRI (€) 
 REITs MSCI Europe REITs TRI (€) 
Europe ex. UPFs INREV All Funds ex. UK TRI (€) 
UK Bonds JPM GBI Europe 1 to 10-year Bonds TRI (€) 
 Stocks MSCI Europe ex. UK (€) 
 REITs MJM/WSU Europe REITs ex. UK TRI (€) 
Europe ex. UPFs INREV All Funds ex. UK and Germany TRI (€) 
UK and Bonds JPM GBI Europe 1 to 10-year Bonds TRI (€) 
Germany Stocks MJM/WSU Europe Equities ex. UK and Germany TRI (€) 
 REITs MJM/WSU Europe REITs ex. UK and Germany TRI (€) 
Global UPFs GREFI All Funds TRI ($) 
 Bonds JPM GBI Global All Maturity Bonds TRI ($) 
 Stocks MSCI ACWI TRI ($) 
 REITs MSCI ACWI Equity REITs TRI ($) 
Note: TRI = Total Return Index 
 
4.3.3. Index Construction 
4.3.3.1. Unlisted Property Funds 
The ANREV, INREV and NCREIF indices calculate UPF total returns using the time-weighted 
modified Dietz method (4.1). This method derives total returns by combining the capital growth 
and income return components of individual UPFs. The capital return is calculated from the 
revaluation exercise of property assets held by UPFs, while the income return is determined 
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(4.1) 
from the distributions received by investors within a quarter. Specifically, the total return is 
calculated based on the net asset value (NAV) return combined with all capital- and income-
related external cash flows received by investors in a particular quarter. Both the capital and 
income returns are then adjusted by weighting all NAV and external cash flows based on the 
time period the capital is invested in the fund, using the actual timing of these components 
(time-weighted). The time-weighted modified Dietz method is advantageous in that the total 
return performance of UPFs is solely dependent on the market and UPF manager performance, 
as the time-effect of cash flows is eliminated. However, in constructing a single-country or 
regional UPF index, this method does not take into consideration weighting differences 
between categories such as strategy (open-end, closed-end) and style (core, value-added, 
opportunity). For example, the Australian GAV is a significant component of total Asia-Pacific 
GAV (57%) and largely comprises open-end core funds; however, this may not be the case in 
other countries within the ANREV index. Therefore, care must be exercised in the 
interpretation of these “pure” effects. Mathematically, the modified Dietz method is defined as 
follows: 
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where: 
TRIt = the total return index of UPFs at time t; 
NAV = the gross asset value (GAV) of UPFs, less all liabilities, as per the chosen 
valuation method; 
Contributions = any capital paid from investors into UPFs; 
Redemptions = the return of investors’ equity holdings; 
Distributions = dividends paid from UPFs to shareholders; 
TWC, TWR and TWD = time-weighted contributions, redemptions and distributions, 
respectively. 
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As mentioned previously, the quarterly total return data series for UPFs employed in this 
research were valuation-derived indices; that is, constructed based on the assumption that the 
underlying property asset values represent the prices they would sell for in an open market at 
that particular time. The previous chapter quoted extensive evidence of the impact of using 
valuation-derived indices. In summary, researchers opined that the availability of timely 
transaction evidence, especially for high frequency indices, and the reliance on past transaction 
evidence, posed serious accuracy issues. This results in valuation-based indices having 
structures that are smoothed and lagged in relation to actual market price movements. INREV 
(2014) acknowledged that their UPF indices suffer from this valuation-smoothing bias, but 
contended that any adjustment to account for this issue is impractical, since: (1) there is no 
single de-smoothing technique that is widely accepted in the theoretical domain and, (2) 
different jurisdictions employ different valuation methods, thus it would be very difficult to 
use different de-smoothing techniques to cater for the variety of valuation approaches used in 
index construction.  
 
While this research agrees with the opinions of INREV (2014), it would be empirically 
inaccurate to discount this issue altogether; hence, this research has employed a simple but 
effective statistical filtering technique as suggested by Geltner (1993a; Equation 4.2). This 
method has been utilised in various previous studies such as Hoesli et al. (2004), Newell & Lee 
(2011), Lekander (2015), Marzuki and Newell (2017), amongst others, as part of their research 
using valuation-derived direct property data series. Notably, the analysis in this research was 
carried out using both smoothed and de-smoothed UPF total return series, to highlight the 
impact on performance, correlation structure and mean-variance efficiency. The de-smoothing 
procedure is as follows: 
 α α−= − −
* *
t t t 1)*TR (TR (1 R ) /T   
  
where:    
tTR  = the de-smoothed UPF total return at time t; 
*
tTR  = the observed smoothed valuation-based UPF return at time t; 
α  = the smoothing parameter. 
 
(4.2) 
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The above-stated de-smoothing procedure is very sensitive to the selection of the smoothing 
parameter, α, the choice which is somewhat arbitrary. For instance, Byrne and Lee (2003) chose 
α = 0.67, while Bond and Hwang (2003), Newell and Lee (2011) and Marzuki and Newell 
(2017) selected α = 0.20. Having carefully perused all available literature on smoothing 
parameters, this research has chosen α = 0.50 to create a de-smoothed quarterly total return 
series for the valuation-derived UPF indices. This is due to the fact that the majority of the UPF 
markets assessed in this study are of developed property markets and quality property 
transaction data are easily accessible. Ultimately, this approach seeks to give investors with a 
more realistic picture of the risk-return characteristics they could expect from investing in 
UPFs.  
 
4.3.3.2. Listed Asset Classes 
The objective of creating custom MJM/WSU indices for stocks, REITs and listed property 
companies in this study is to represent the overall state and performance of these sectors at the 
domestic and regional levels, as they are not sufficiently covered by existing databases. The 
structure of this custom index was intended to mirror the population of stocks representing a 
sector index, with no strict adherence to the liquidity and stability requirements normally 
associated with official indices. To ensure that these custom stock, REIT and listed property 
company benchmark indices are comparable to existing indices for listed asset classes and 
UPFs, a total return index was developed. This uses the price appreciation and dividend 
distribution of stocks multiplied by the number of free-float shares in a constituent. Dividends 
were assumed to be reinvested in the index constituents and adjusted for their respective 
weightings in the index, to ensure the reflection of the true total return performance of an index. 
Further, the custom total return indices were constructed with a quarterly frequency to ensure 
comparability with the existing indices used in this research. The MJM/WSU index was 
constructed as follows: 
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where: 
TRIt  = the total return index at time t; 
i,tq = the number of shares of index constituent i at time t; 
(4.3) 
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i,tp  = the price of shares of index constituent i at time t; 
i,td  = the dividend paid at time t; 
i,tr  = the foreign exchange rate of index quote currency (if applicable). 
 
4.4. PERFORMANCE ANALYSIS 
4.4.1. Total Return Performance Measurement 
 
Different asset classes possess unique investment attributes. Thus, it is important for investors 
to understand these characteristics so that their rewards and risks can be quantified and 
investment goal decisions made. This research relies upon the use of the quarterly total return 
index, an index that measures returns in the form of both capital growth, and income received 
by investors. The quarterly total return (Equation 4.4) is computed based on changes in the 
quarterly total return index of an asset. This involves measuring the quarterly total return in 
chain-linked format over the full sample period, to reflect an asset’s quarterly performance 
movement over the measurement timeframe.  
 
−
−
−
= t t 1t
t 1
(TRI TRI )
TR * 100%
TRI
  
where: 
tTR  = the quarterly total return percentage at time t;  
tTRI  = the total return index value observed at time t.  
Quarterly return variability should be expected using this measurement, which does not give a 
full picture of an asset’s total return performance if the asset is invested over a longer-term 
holding period. To address this issue, the mean quarterly total return is calculated. This study 
employed the geometric mean calculation (Equation 4.5) as opposed to an arithmetic mean 
approach. This is due to the fact that the geometric mean provides a better measure of the 
dynamics of a stream of quarterly returns over multiple periods. This is achieved by 
compounding the quarterly return equal to the product of 1 plus the quarterly total return for 
each quarterly period, taking the nth root (4 for quarterly data) and then subtracting the values 
with 1. To ensure that the geometric mean quarterly returns are reflective of a more realistic 
investment holding period, they are transformed into annualised mean quarterly total returns 
(average annual returns; Equation 4.6). The higher the average annual returns, the greater the 
return performance of an asset. 
(4.4) 
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where: 
GMR  = geometric mean quarterly total returns; 
tTR = the total returns observed at time t; 
n = number of periodic returns received per annum. 
 
( )= + −nannual periodicTR TR1 1   
where:  
annualTR  = annualised mean total returns; 
periodicTR = geometric mean quarterly total returns; 
n = frequency of observations per annum. 
 
4.4.2. Investment Risk Measurement 
Investment risk refers to the probability of investors losing their initial capital outlay and not 
achieving their expected capital and income returns. The standard deviation of returns relative 
to the historical arithmetic mean (Equation 4.7) is the most widely-accepted and understood 
measure of investment risk, and combines both downside and upside volatility. The standard 
deviation analysis presents the percentage of average variation in an asset’s returns. When an 
asset possesses a high standard deviation, the range of return performance varies widely, 
signifying high volatility. Simply put, the higher the standard deviation, the greater the risk, 
which is expressed as the volatility of the asset’s average returns. The main drawback of this 
method is that since it only measures differences between individual and average returns, 
investors’ perception of risk is not factored in; hence, assets with a non-normal distribution of 
returns will have lower standard deviations and understate risk level.  
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(4.5) 
(4.6) 
(4.7) 
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where: 
annualSD  = annualised standard deviation; 
tTR  = quarterly total returns observed at time t; 
TR  = mean quarterly total returns; 
p = sample size; 
n  = frequency of observation per annum. 
4.4.3. Risk-Adjusted Return Performance Measurement 
The return-to-risk ratio (Equation 4.8) is the measure of the historical returns achievable per 
unit of risk for an asset. An asset with a high return-to-risk ratio signifies that the asset could 
deliver good performance by generating returns for investors that are higher than the exposure 
to volatility. For comparison purposes, the greater the return-to-risk ratio, the better the risk-
adjusted performance of an asset.  
 
= annual
annualSD
TRRRR   
where: 
annualTR  = average annual total return; 
annualSD  = annualised standard deviation. 
The Sharpe ratio (Equation 4.9) is a risk-adjusted performance measure developed by Nobel 
laureate William Sharpe in 1966. The main difference between the Sharpe ratio and the 
aforementioned return-to-risk ratio is that the Sharpe ratio evaluates the risk-adjusted 
performance of an asset by dividing an asset’s historical excess return by its standard deviation. 
The excess return of an asset is computed by deducting the historical average returns from the 
benchmark risk-free rate. Similar to that of the return-to-risk ratio, the greater the Sharpe ratio 
value, the higher the asset’s historical risk-adjusted performance. However, the Sharpe ratio is 
not without its flaws; the reliance on a standard deviation as a proxy for investment risk is one 
of its key weaknesses. Notwithstanding this, this research adopted the Sharpe ratio as a risk-
adjusted performance measure, as it is widely accepted in investment performance analyses 
due to its statistical simplicity and easy-to-comprehend results. Compared to Jensen and 
Treynor ratios, its non-reliance to a surrogate benchmark index allows the Sharpe ratio to be 
used as a benchmark tool across different asset classes. 
(4.8) 
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where: 
aS = Sharpe ratio of an asset; 
aTR  = average annual total return of an asset; 
rfaTR  = average annual total return of a benchmark risk-free asset; 
aSD  = annualised standard deviation of an asset. 
 
4.4.4. Diversification Efficiency Measurement 
This research employed the Pearson’s product-moment correlation coefficient (Equation 4.10) 
to measure the potential for diversifying one asset with others. The correlation coefficient (r) 
computes the strength and direction of the linear relationship of the returns of two assets. The 
correlation coefficient produces results ranging between -1 (linear inverse correlation) to 1 
(linear adverse correlation), with zero correlation coefficient indicates no correlation between 
the two assets. The process starts by calculating the aggregate variability association 
(covariance) between the returns of two assets. The covariance is then divided by the product 
of the standard deviation of the returns of the two assets. Since the computation process is 
linear, this method does not require the classification of independent and dependent variables. 
The limitation of the correlation coefficient measure is that it does not capture the linear 
dependency between variables (i.e. cointegration, causation), thus it is less interpretable in 
terms of the diversification benefits between UPFs and other assets. However, this study also 
employs the cointegration and causality methods to further assess the diversification attributes 
of UPFs. 
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where: 
r  = Pearson product-moment correlation coefficient; 
1,tTR  and 2,tTR  = quarterly total returns of asset 1 and 2 observed at time t; 
1TR  and 2TR  = mean quarterly total returns of asset 1 and 2; 
1R
SD and 
2R
SD  = quarterly standard deviations of asset 1 and 2.  
(4.9) 
(4.10) 
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4.5. ASSET ALLOCATION ANALYSIS 
Nobel laureate Harry Markowitz (1952, 1959) presented a novel portfolio construction model, 
commonly known as modern portfolio theory (MPT). This was a significant enhancement to 
previous portfolio selection models, where portfolio constituents were identified and selected 
largely based on the ability of a group of assets to deliver the best investment returns with the 
least exposure to risk (Markowitz, 1999). Markowitz opined that if an investor could find two 
assets with perfectly negatively-correlated returns (correlation coefficient = -1), a mixed-asset 
portfolio with minimum variance could be produced by appropriately computing the weight of 
these two assets. This showed that an efficient portfolio could be constructed by harnessing the 
diversification efficiency of various assets, instead of only considering individual assets’ return 
and risk attributes. In the MPT, asset returns are assumed to be normally distributed, with 
returns were normalised based on the geometric mean and standard deviation of returns. 
 
4.5.1. Portfolio Return Measurement 
The expected average annual total return of a portfolio (Equation 4.11) can be calculated by 
using a weighted average of the total returns of individual assets in the portfolio. 
( )
=
= ∑
n
P a a
i 1
E(TR ) W TR  
where: 
PE(TR )  = expected average annual total return of portfolio p; 
aTR = average annual total return of asset a; 
aW  = weight of asset a; 
n = number of assets. 
4.5.2. Portfolio Risk Measurement 
The riskiness of a mixed-asset portfolio is measured by the portfolio’s standard deviation 
(Equation 4.12), derived from the covariance of the returns of the assets comprising the 
portfolio. The impact of the strength of the covariance between the returns of two assets 
towards portfolio risk is straightforward to estimate. The strength of the correlation coefficient 
between two assets has a positive impact on the portfolio risk level, in that a higher standard 
deviation of the assets’ returns increases overall portfolio risk. In contrast, if two assets are 
negatively correlated with each other, including both of them in a portfolio will result in an 
overall risk reduction.  
(4.11) 
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= =
= ∑∑
n n
p a b ab a b
a 1 b 1
SD w w r SD SD  
where: 
pSD  = portfolio standard deviation; 
aw and bw = weight of assets a and b in the portfolio; 
abr  = correlation coefficient of the returns of assets a and b; 
aSD and bSD  = standard deviations of the returns of assets a and b. 
 
4.5.3. Portfolio Efficient Frontier  
According to Markowitz, given that an efficient portfolio is one that delivers the optimum 
expected return at any given level of risk, it is possible to construct a group of potentially 
efficient portfolios to simulate varying return and risk levels. This is commonly termed the 
efficient frontier, and is expressed graphically. Any point along the efficient frontier line 
represents the best combination of portfolio risk and return. On a graph (Figure 4.5), the 
efficient frontier is characterised as a boundary line of efficient sets of portfolios. Any portfolio 
that falls below the efficient frontier line is deemed as inefficient, as it delivers lower returns 
at a similar risk level, or has greater risk level for a similar return. Thus, only portfolios along 
the efficient frontier are considered to be efficient. The Microsoft Excel Solver tool was utilised 
to create eleven efficient sets of portfolios.  
Figure 4.5 Theoretical Efficient Portfolio Sets  
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4.6. BLENDED PROPERTY PORTFOLIO ANALYSIS 
This section highlights the methods employed to achieve the objective of this research, which 
is to assess the performance implications of obtaining property exposure by blending UPFs and 
listed property as a homogenous property asset. The scholarly research of Farrelly and Moss 
(2014) and Moss and Farrelly (2015) provided an important methodological background for 
this section, although their studies differ slightly, in that they employed fund-level data while 
this research adopts index-level data. Several industry publications explored index-level 
blended property portfolio optimisation, such as NAREIT (2011) and Haran et al. (2012). Three 
blended property portfolio configurations were explored: (1) 70% UPFs / 30% listed property, 
(2) 50% UPFs / 50% listed property and (3) optimal blend of UPFs and listed property. Blended 
property portfolios (1) and (2) are fixed-blend, liquidity-focused configurations, while blended 
property portfolio (3) focusses on providing the highest risk-adjusted performance by 
harnessing the benefits of diversification with UPFs and listed property assets. The Microsoft 
Excel Solver tool was used to calculate the blend that delivers the highest risk-adjusted returns.  
 
4.6.1. Blended Property Portfolio Return and Risk Measurements 
 
Using the quarterly total returns of UPFs and REITs/PCs, the blended property portfolio total 
return is computed and rebased on a quarterly basis using the weighted-average return 
calculation (Equation 4.13), which is then transformed into average annual return using 
previously mentioned Equation 4.6.  
 
= +BP UPF UPF LP LPTR (W * TR ) (W * TR )  
 
where: 
 BPTR  = total return of the blended property portfolio;  
UPFW and LPW = weight of UPF and listed property in the blended property portfolio; 
 UPFTR  and LPTR = total return of UPF and listed property. 
 
Blended property portfolio risk is calculated using the square of the covariance contribution of 
UPFs and listed property assets, expressed as follows: 
(4.13) 
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= =
= ∑ ∑
2 2
BP UPF LP UPF / LP UPF LP
UPF 1 LP 1
SD w w r SD SD  
where: 
BPSD  = blended property portfolio standard deviation; 
UPFw and LPw = weight of UPFs and listed property in the blended property portfolio; 
UPF / LPr = correlation coefficient of total returns of UPFs and listed property;  
UPFSD and LPSD  = standard deviations of total returns of UPFs and listed property. 
 
4.6.2. Blended Property in a Mixed-Asset Portfolio Analysis 
The final stage of the analysis is to assess performance by exposing a mixed-asset portfolio 
with each of the three blended property structures. An optimal asset allocation is not chosen, 
as it could not sufficiently gauge the impact on performance. Instead, a fixed allocation mixed-
asset portfolio was constructed using a 35% allocation in bonds, 55% allocation in stocks and 
10% exposure in property assets; this being the typical asset allocation in investors’ portfolios. 
For comparison purposes, a baseline mixed-asset portfolio comprised of 40% bonds and 60% 
stocks, with another benchmark portfolio composed of 35% bonds, 55% stocks and 10% pure 
UPFs and listed property were also created. The mixed-asset portfolio return (Equation 4.15) 
and risk (Equation 4.16) were computed using the following expanded utility-maximisation 
mean-variance analysis: 
 
= + +p b b s s p pTR (0.35 * TR ) (0.55 * TR ) (0.10 * TR )  
 
where: 
pTR  and PSD  = portfolio return and risk, respectively;  
b, s and p = bonds, stocks and property asset returns, respectively. 
 
 
 
 
 
(4.15) 
(4.14) 
(4.16) 
+ + +
=
+ +
2 2 2 2 2 2
b b s s p p b s b / s b s
P
b p b / p b p s p s / p s p
( 0.35 * SD ) (0.55 * SD ) (0.10 * SD ) 2(0.35 * 0.55 * r * SD * SD )
SD
2(0.35 * 0.10 * r * SD * SD ) 2(0.55 * 0.10 * r * SD * SD )
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4.7. LONG- AND SHORT-TERM LINKAGE ANALYSIS 
This section addresses the methodological approach for the final objective of this study; that is 
to determine and quantify the long- and short-term linkages between UPFs and other asset 
classes in domestic, regional and global contexts. This involved four variables, namely UPFs, 
REITs/PCs, stocks and bonds. Since this study does not have the luxury of a large sample size, 
it sought to make full use of the 24-observation quarterly total return data series, covering 
Q1:2010-Q4:2015. Unavoidably, this means that the smoothed UPF series had to be used; this 
being one of the limitations of this research. The procedure starts with the quarterly total return 
series for all variables rebased to 100 at Q4:2009, after which all variables are transformed into 
their natural logs for the estimation process. Secondly, pre-testing of variables for unit root and 
stationarity was conducted to determine the order of integration of variables. Should all 
variables be fit for use in the modelling, the auto-regressive distributed lag (ARDL) 
cointegration test will be performed as the third step, together with diagnostic checks to 
ascertain the fitness of the chosen model. The Granger causality test is carried out as the last 
step of the analysis. All of these steps were performed using the Eviews 9.5 statistical package. 
 
4.7.1. Auto-Regressive Distributed Lag Cointegration Test 
The cointegration test procedure facilitates the search for a long-run equilibrium relationship 
between non-stationary variables. The majority of previous property research used various 
conventional econometric procedures in investigating the long-run equilibrium between 
property time series and other variables, such as the two-step residual-based model by Engle 
and Granger (1987), and the maximum probability-based inference model by Johansen and 
Juselius (1990). However, to function properly, these two models require a large number of 
data points, a long time series spread, and strict pre-testing of variables. The present study has 
a more limited number of data points, which would result in partial integration between the 
variables during the pre-testing stage. To resolve this issue, the ARDL bound test approach 
developed by Pesaran and Shin (1999) and Pesaran et al. (2001) was utilised. The ARDL model 
has several advantages in comparison to conventional cointegration models, which are 
summarised as follows: 
1. Formal pre-testing of variables is not a pre-condition for this model, hence it does not 
require classification of either I(0) or I(1). 
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(4.18) 
2. The order of stationarity for variables can be partially or mutually integrated with I(0) and 
I(1), avoiding issues posed by non-stationary time series data. 
3. It works efficiently and stably with variables composed of relatively few data points, by 
allowing variables to have different optimal lags. 
4. Since it is a single-equation model, it is easier to estimate long- and short-run error 
correction models for the response variable and its determinants. 
It is noteworthy that, while determining the order of the integration of variables is not a 
requirement, it is important that none of the variables obtain stationarity at an order higher than 
I(d) (with d < 2). Therefore, the unit root is subjected to an augmented Dickey-Fuller test (ADF) 
to ensure that this requirement is met. Since the timeframe of the analysis covers the post-GFC 
period, no structural break is evident from the visual inspection of the trend of the returns. 
Granger (1988) has concisely elaborated on the concept of stationarity in time-series data and 
the implications that it may have for the robustness of econometric procedures. In summary, 
most time series variables are non-stationary, in that their means and variances are not constant 
and time-dependent in their original forms. The general ADF form for testing a univariate time 
series is given by the following regression: 
∆ θ α ∆ α ∆ α ∆− − − −= + + + + +t t 1 1 t 1 2 t 1 p t p tz z z z z a  
H0: Series is non-stationary  
H1: Series is stationary  
Here, P represents the number of regression augmenting lags, in which the number of optimum 
lags is ascertained by minimising the Akaike Information Criterion (AIC; Equation 4.18) until 
the selected lag is statistically significant and the error term becomes white noise, ta . Should 
the autoregressive estimation of the first difference operator, ∆ tz  contain a unit root, the null 
hypothesis (H0) that it is a non-stationary series is accepted. 
( )
+
2
n
k
2d k
AIC =log  det  S  
T
  
where: 
 k = number of estimated parameters; 
 d = number of variables in the equation; 
 n = maximum lag length considered; 
(4.17) 
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(4.191
 
 det = determinants; 
 kS = the estimated residual variance-covariance matrix for lag k;  
 T = number of observations. 
 
Once all variables are determined to be fit for model construction, the ARDL bounds test 
approach for UPF and its determinants is approximated as follows: 
∆ α ∆ ∆ ∆ ∆
δ δ δ δ ε
− − − −
= = = =
− − − −
= + + + +
+ + + + +
∑ ∑ ∑ ∑
p p p p
t 0 i t i i t i i t i i t i
i 0 i 0 i 0 i 0
1 t 1 2 t 1 3 t 1 4 t 1 t
ln(UPF ) b ln(UPF ) c ln( Bond ) d ln( Stock ) e ln( REIT )
ln(UPF ) ln( Bond ) ln( Stock ) ln( REIT )
 
 
where: 
∆  = the first difference operator; 
ln(UPF ) , ln( Bond ) , ln( Stock )and ln( REIT )= natural logarithm of UPFs, bonds, 
stocks and REITs, respectively; 
α0  = a vector constant;  
 P = optimal lag length; 
 ε t  = serially-independent random error term. 
 
The maximum lag length selected as four, due to the quarterly frequency of the data, with the 
optimal lag length for each variable selected to minimise the AIC. Then, F tests are used to test 
the long-run cointegration hypothesis. The variables’ stationarity order, number of independent 
variables, and the inclusion of trends and intercepts, contribute to the non-standard distribution 
of the F statistics. Two critical boundary values are calculated; the first being the upper-bound 
critical value, assuming that all variables are I(1), and the second critical value being the lower-
bound critical value, assuming all variables are I(0). The null hypothesis, i.e., that there is no 
long-run relationship, 0H (Equation 4.20), is accepted if the computed F value is lower than the 
critical lower-bound value. In contrast, if the F value exceeds the critical upper-bound value, 
then the alternative hypothesis, 1H (Equation 4.21), that there is a stable cointegration 
relationship, is accepted. However, if the F value falls between the critical lower- and upper-
bound values, the relationship cannot be conclusively determined. 
δ δ δ δ= = = =0 1 2 3 4H :  0  
δ δ δ δ≠ ≠ ≠ ≠1 1 2 3 4H :  0  (4.21) 
(4.20) 
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(4.22) 
(4.23) 
 
If the result of the ARDL’s F test points towards the existence of a stable cointegration between 
variables, the following long-run cointegration equation for UPF and its determinants is 
developed: 
α
ε
− − − −
= = = =
= + + + +
+
∑ ∑ ∑ ∑
p p p p
t 0 1i t i 1i t i 1i t i 1i t i
i 1 i 0 i 0 i 0
t
ln(UPF ) b ln(UPF ) c ln( Bond ) d ln( Stock ) e ln( REIT )
  
 
Lastly, the short-run dynamics of the relationship between UPF and its determinants is derived 
by using the following error correction model (ECM): 
 
∆ α ∆ ∆ ∆
∆ ψ ε
− − −
= = =
− −
=
= + + +
+ + +
∑ ∑ ∑
∑
p p p
t 2 2i t i 2i t i 2i t i
i 1 i 0 i 0
p
2i t i t 1 t
i 0
ln(UPF ) b ln(UPF ) c ln( Bond ) d ln( Stock )
e ln( REIT ) ECT
   
where:  
 −t 1ECT  = one-period lagged error correction term; 
  ψ  = speed of correction for any deviation to the unitary model. 
 
4.7.2. Granger Causality Test 
Nobel laureate Clive Granger (1969) opined that if the movement of time series A pulsates into 
the subsequent movement of time series B, then the movement of time series B could be 
mapped not only by its own prior values, but also by using information contained in lagged 
values of time series A. This cause-effect relationship is commonly known as Granger 
causality. It is proper to perform the Granger causality test after the cointegration test, as the 
result of the cointegration test can assist in determining the causal relationship. Be that as it 
may, the Granger causality test is done regardless, whether or not there is a cointegration 
relationship between UPFs and other asset classes. This entails the use of two different 
approaches; one being the test for non-cointegrated variables, and the other being the test for 
cointegrated variables. If there is no stable cointegration relationship from the previous ARDL 
bound test, the following bivariate vector auto-regression (VAR) causality frameworks, 
involving UPFs and another asset class, are used to capture the causal flow to and from UPFs: 
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(4.27) 
(4.26) 
(4.24) 
(4.25) 
(4.29) 
(4.28) 
∆ α α ∆ α ∆ ε− −
= =
= + + +∑ ∑
p p
t 0 i t i j t j t
i 1 j 1
UPF UPF AssetClass  
∆ α α ∆ α ∆ ε− −
= =
= + + +∑ ∑
p p
t 0 i t i j t j t
i 1 j 1
AssetClass AssetClass UPF   
If two variables are cointegrated in the long run, a one-way causal link must exist linking the 
variables (Granger, 1988). Hence, this requires the error correction estimates obtained from the 
ARDL cointegration regression to be fitted to the existing Granger causality test. A statistically 
significant ECTt-1 from the ARDL is used in the VECM Granger causality test, using the 
following bivariate frameworks: 
∆ α α ∆ α ∆ ε− − −
= =
= + + + +∑ ∑
p p
t 0 i t i j t j t 1 t
i 1 j 1
UPF UPF AssetClass ECT  
∆ α α ∆ α ∆ ε− − −
= =
= + + + +∑ ∑
p p
t 0 i t i j t j t 1 t
i 1 j 1
AssetClass AssetClass UPF ECT  
 
where: 
 αi  and α j = beta coefficients for the response and explanatory variables, respectively; 
 P = number of lags; 
 −t 1ECT = one-period lagged error correction term; 
 ε t = white noise error term.  
An F-test is performed to decide whether the null hypothesis, H0 – that there is Granger non-
causality between UPFs and another asset class – is to be accepted or not. The null and 
alternative hypotheses are characterised as follows: 
α α α
α α α
= =
= ≠
0 j1 j2 jp
1 j1 j2 jp
H :  0
H
........
........:  0
 
 
4.8. DATA LIMITATIONS 
An obvious limitation of the data utilized in this research is the limited time period of six years, 
corresponding to 24 quarterly observations; which does not allow coverage of a full property 
or business market cycle. This limits the ability to perform a long-term quantitative analysis of 
UPF data. Also, the total return series data for UPFs used in this research reflected the data that 
were available, but not the optimal data. For instance, as mentioned in an earlier section of this 
140 
 
chapter, the total return series used for UPFs is a valuation-derived index rather than a true 
transaction-derived index. The use of a valuation-derived index attracts various issues such as 
valuation-smoothing, lag and auto-correlations.  
 
In addition to this, there is the “purity” of the effects identified. In particular, caution must be 
exercised in interpreting these “pure” effects in the analysis due to possible differences between 
categories, such as sector weight differences across countries. For example, the Australian 
GAV is a large component of total Asia-Pacific GAV (57%) and is composed mainly of core 
funds (90%), and this is not necessarily the case in other countries in the ANREV fund profile; 
e.g.: China (50% opportunity funds, 50% value-added funds), Japan (18% opportunity funds, 
46% value-added funds). These “pure” effects are also evident in the INREV fund profile. 
Similarly, the mix of open-end funds and closed-end funds is not consistent across all countries 
in both ANREV and INREV fund profiles. The best solution to counter this issue is to use fund-
level data to control for fund differences in a more accurate pure effects analysis. At this stage, 
individual fund level data is not readily available from INREV or ANREV due to 
confidentiality reasons. 
 
Finally, direct property was not included in the analysis as the researcher did not have sufficient 
access to direct property performance series. Direct property database provider, MSCI, does 
provide direct property market performance data for a number of countries (often only annual), 
but is only available on a subscribe-only basis, as well as being an expensive data series, beyond 
the budget of the researcher. 
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CHAPTER 5  
THE SIGNIFICANCE AND PERFORMANCE OF 
ASIA-PACIFIC AND US UNLISTED PROPERTY 
FUNDS IN DOMESTIC MIXED-ASSET 
PORTFOLIOS 
Chapter 5 interprets the findings of four unlisted property fund markets in the domestic 
investment context; three in Asia-Pacific, namely Australia, Japan and China, as well as the 
US. This chapter is divided into four sections: (1) a performance analysis, which comprises the 
return, risk, risk-adjusted return and correlation coefficient analyses; (2) a mean-variance 
asset allocation analysis; (3) a blended property portfolio analysis; and (4) ARDL 
cointegration and Granger causality tests. The last section of this chapter presents the 
summary of the findings for the four UPF markets assessed. 
 
5.1. INTRODUCTION 
Unlisted property funds (UPFs) are amongst the important alternative indirect property 
investments, and they play a large role in institutional investor portfolios. Given the increasing 
stature of UPFs, it is important that investors and market participants are informed of the risk-
adjusted performance and diversification benefits of this significant asset class. Thus, the main 
thrust of this chapter is to highlight the role and dynamics of UPF performance in domestic 
markets in the Asia-Pacific (Australia, Japan and China) and US from 2010-2015 (in local 
currency). Sub-indices are not produced for all countries, as many of these countries have small 
UPF markets, thus the unavailability of the composite total return series for analysis purposes. 
Comprehensive performance analyses are performed that compare UPFs and mainstream asset 
classes (such as stocks, bonds, REITs and listed property companies). This allows a deeper 
understanding of the risk-adjusted return characteristics (as measured via the Sharpe ratio) of 
UPFs and their potential role in domestic mixed-asset portfolio investment strategies. The 
inclusion of domestic REITs and listed property companies in this chapter’s analysis provides 
an interesting insight into how UPFs perform relative to their listed peers in the domestic 
investment arena. The investigation is then extended to measure the implications of obtaining 
property exposure by way of hybrid property assets through fixed-blend and optimal-blend 
property investment structures. The final analysis assesses the long- and short-term linkages 
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between UPFs and the domestic investment market. This chapter concludes by providing a 
fuller understanding of the strategic implications of these investment decisions and 
undertakings. The overall content of this chapter will greatly benefit domestic institutional 
investors seeking exposure in quality property assets via alternative investment vehicles, who 
want to look beyond what is traditionally offered by REITs and listed property companies in 
domestic markets in the Asia-Pacific and US.  
 
5.2. PERFORMANCE OF AUSTRALIAN UNLISTED PROPERTY FUNDS  
5.2.1. Risk-adjusted Performance Analysis 
Table 5.1 presents the risk-adjusted performance of Australian UPFs (Au-UPFs) and other 
Australian asset classes over Q2:2010-Q4:2015. The average annual returns for Au-UPFs 
(10.96% p.a.) were higher compared to bonds (3.87% p.a.) and stocks (5.37% p.a.), but were 
lower relative to the two listed property investment vehicles; listed property companies (12.70% 
p.a.) and REITs (12.37% p.a.). Listed property companies had the highest risk level (21.33%), 
followed by stocks (14.17%), REITs (9.43%) and bonds (1.90%). The Au-UPFs recorded 
extremely low annual risk (1.73%), which confirms the smoothing bias of the valuation-driven 
Au-UPF index. When the de-smoothing filter was applied, the annual risk level of Au-UPFs 
increased by 68% compared to the smoothed series (2.91% versus 1.73%), resulting in higher 
risk level compared to bonds. In terms of risk-adjusted returns, as measured by the return-to-
risk ratio and Sharpe ratio, Au-UPFs (#1) stood out as the best-performing asset class, 
outperforming all Australian mainstream asset classes such as REITs (#3), listed property 
companies (#4), bonds (#5) and stocks (#6). The de-smoothed Au-UPF data series (#2), whilst 
showing lower risk-adjusted returns, maintained the outperformance against the other asset 
classes on the Sharpe ratio risk-adjusted return measure. 
 
Table 5.1 Au-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average annual 
return 
Annual risk Return/risk 
ratio 
Sharpe ratio Rank 
UPFs      
Smoothed 10.96% 1.73% 6.35 4.28 1 
De-smoothed 11.65% 2.91% 4.01 2.78 2 
Bonds 3.87% 1.90% 2.04 0.16 5 
Stocks 5.37% 14.17% 0.38 0.13 6 
REITs 12.37% 9.43% 1.31 0.93 3 
PCs 12.70% 21.33% 0.60 0.43 4 
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The inter-asset correlation matrix between Au-UPFs and other asset classes is presented in 
Table 5.2. The most interesting observation from the results is that de-smoothed Au-UPF 
returns were weakly negatively correlated with all Australian mainstream asset classes, such as 
bonds (r = -0.18), stocks (r = -0.16), REITs (r = -0.25) and listed property companies (r = -
0.11). In addition, Au-UPFs gave better diversification benefits with stocks (r = -0.16), 
compared to REITs (r = 0.55) and listed property companies (r = 0.85) with stocks. As such, 
the de-smoothed Au-UPF series demonstrated the potential diversification benefits of having 
Au-UPFs in a mixed-asset portfolio. 
 
Table 5.2 Au-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.92* 1.00     
Bonds -0.20 -0.18 1.00    
Stocks -0.30 -0.16 -0.03 1.00   
REITs -0.24 -0.25 -0.49* 0.55* 1.00  
PCs -0.24 -0.11 -0.06 0.85* 0.44* 1.00 
*: significant correlation (P < 0.05) 
 
5.2.2. Mixed-asset Portfolio Analysis 
The strong Au-UPF annual return performance and its markedly lower risk levels compared to 
the other Australian mainstream asset classes makes a strong case for using Au-UPFs in a 
mixed-asset framework. Table 5.3 and Figure 5.1 display the estimated optimal allocations of 
Au-UPFs in domestic mixed-asset portfolios and the corresponding portfolio returns and risk 
level. Without adjusting for valuation-smoothing bias (Panel A), property assets were the 
dominant asset class, with an elevated level of allocation in Au-UPFs evident, particularly so 
for low risk-return portfolios. As the risk-return level increased, weightage in listed property 
companies and REITs began to increase as well, but at the expense of allocation in Au-UPFs. 
This resulted in a 100% allocation in listed property companies at the maximum portfolio risk-
return level. On the other hand, REITs played a major role in enhancing risk-return 
performance at the mid-point of the portfolio risk-return spectrum, with the maximum 
allocation in REITs being 89%.  
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When extra volatility was introduced into Au-UPFs from the de-smoothing procedure (Panel 
B), Au-UPFs were still a major component at the low risk-return end of the domestic mixed-
asset framework, but the overall allocation experienced a slight reduction. This consequently 
caused the optimised portfolios at the lower-end of the spectrum, where the smoothed Au-UPFs 
were a major contributor, to record higher risk level. Financial assets such as bonds and stocks 
still had limited roles in this Australian mixed-asset portfolio; with bonds making a presence 
only at the lowest end of the risk-return spectrum, while stocks did not manage to enter the 
optimal portfolio at all. 
 
Table 5.3 Au-UPF Asset Allocation: Q2:2010-Q4:2015 
 Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
47.2% 0.0% 7.5% 0.0% 45.3% 7.72% 0.86% 
0.0% 0.0% 28.7% 2.6% 68.8% 11.40% 2.91% 
0.0% 0.0% 49.8% 3.8% 46.4% 11.72% 4.96% 
0.0% 0.0% 69.7% 5.0% 25.3% 12.03% 7.00% 
0.0% 0.0% 89.4% 6.1% 4.5% 12.32% 9.05% 
0.0% 0.0% 69.2% 30.8% 0.0% 12.47% 11.10% 
0.0% 0.0% 52.0% 48.0% 0.0% 12.53% 13.14% 
0.0% 0.0% 37.6% 62.4% 0.0% 12.57% 15.19% 
0.0% 0.0% 24.5% 75.5% 0.0% 12.62% 17.24% 
0.0% 0.0% 12.0% 88.0% 0.0% 12.66% 19.29% 
0.0% 0.0% 0.0% 100.0% 0.0% 12.70% 21.33% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
62.1% 0.0% 9.6% 0.0% 28.3% 6.89% 1.06% 
0.0% 0.0% 27.8% 2.4% 69.7% 11.87% 3.09% 
0.0% 0.0% 48.8% 5.9% 45.3% 12.06% 5.11% 
0.0% 0.0% 66.3% 8.9% 24.8% 12.22% 7.14% 
0.0% 0.0% 83.1% 11.7% 5.2% 12.37% 9.17% 
0.0% 0.0% 68.2% 31.8% 0.0% 12.47% 11.20% 
0.0% 0.0% 51.4% 48.6% 0.0% 12.53% 13.22% 
0.0% 0.0% 37.2% 62.8% 0.0% 12.58% 15.25% 
0.0% 0.0% 24.3% 75.7% 0.0% 12.62% 17.28% 
0.0% 0.0% 11.9% 88.1% 0.0% 12.66% 19.30% 
0.0% 0.0% 0.0% 100.0% 0.0% 12.70% 21.33% 
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Figure 5.1 Au-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
 
 
Figure 5.2 plots the efficient frontier of various mixed-asset portfolio combinations over 
Q2:2010-Q4:2015. The results show that the addition of individual indirect property assets into 
an existing portfolio comprising financial assets (bonds and stocks) caused significant 
improvements in the efficient frontier curve, compared to the baseline financial assets-only 
portfolio. The mixed-asset portfolio comprised of financial assets and Au-UPFs had a very 
steep efficient frontier curve, due to the significant improvement in expected portfolio returns 
at a more confined portfolio risk scaling. De-smoothing the Au-UPF series unsurprisingly saw 
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a downward shift of the efficient frontier curve, suggesting there are higher portfolio standard 
deviations with de-smoothed Au-UPF series. The efficient frontier of portfolios comprised of 
financial assets/Au-UPFs, financial assets/REITs, and financial assets/listed property 
companies, outperformed the baseline financial assets portfolio at every point on the risk-return 
spectrum. Further, when the framework was enlarged to include UPFs, REITs and listed 
property companies in a single mixed-asset portfolio, further improvements to the efficient 
frontier were evident at every point of the risk-return spectrum, suggesting that Au-UPFs, 
REITs and listed property companies can play effective roles as portfolio enhancers.  
 
Figure 5.2 Au-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
A constrained mean-variance analysis was also conducted to assess the more practical portfolio 
weightings for property assets in a mixed-asset framework. This was to determine whether the 
imposition of constrained asset allocations affects the allocation of individual property 
investment vehicles. In this constrained analysis, the total property asset weighting was capped 
at a maximum of 10% in the mean-variance model. The result of this analysis is presented in 
Table 5.4 and Figure 5.3. The imposition of the constraint had a detrimental effect on the 
portfolio’s expected return and risk level. In addition, both smoothed (Panel A) and de-
smoothed (Panel B) Au-UPFs received a diminished allocation, which made a minor 
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appearance at the lowest end of the portfolio risk-return spectrum. This constraint allowed 
REITs to take a more significant role within a wider range of the risk-return spectrum, while 
listed property companies received maximum allocation at the highest end of the spectrum. 
This was somewhat expected, as the constrained scenario tends to favour assets which give 
superior returns to offset for their smaller allocation percentage. Also, with limited exposure in 
listed and unlisted property assets, an increased role of Australian bonds and stocks was evident 
in the mixed-asset portfolio.  
 
Table 5.4 Au-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
90.0% 0.0% 8.0% 0.0% 2.0% 4.70% 1.48% 
75.5% 14.5% 10.0% 0.0% 0.0% 4.94% 2.79% 
65.3% 24.7% 10.0% 0.0% 0.0% 5.09% 4.10% 
55.7% 34.3% 10.0% 0.0% 0.0% 5.24% 5.42% 
46.3% 43.7% 10.0% 0.0% 0.0% 5.38% 6.73% 
37.0% 53.0% 10.0% 0.0% 0.0% 5.52% 8.04% 
27.7% 62.3% 10.0% 0.0% 0.0% 5.66% 9.35% 
18.5% 71.5% 10.0% 0.0% 0.0% 5.80% 10.66% 
9.2% 80.8% 10.0% 0.0% 0.0% 5.93% 11.98% 
0.0% 90.0% 10.0% 0.0% 0.0% 6.07% 13.29% 
0.0% 90.0% 0.0% 10.0% 0.0% 6.11% 14.60% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
90.0% 0.0% 7.7% 0.0% 2.3% 4.71% 1.47% 
75.5% 14.5% 10.0% 0.0% 0.0% 4.94% 2.78% 
65.4% 24.6% 10.0% 0.0% 0.0% 5.09% 4.10% 
55.8% 34.2% 10.0% 0.0% 0.0% 5.24% 5.41% 
46.3% 43.7% 10.0% 0.0% 0.0% 5.38% 6.72% 
37.0% 53.0% 10.0% 0.0% 0.0% 5.52% 8.04% 
27.7% 62.3% 10.0% 0.0% 0.0% 5.66% 9.35% 
18.5% 71.5% 10.0% 0.0% 0.0% 5.80% 10.66% 
9.3% 80.7% 10.0% 0.0% 0.0% 5.93% 11.98% 
0.1% 89.9% 10.0% 0.0% 0.0% 6.07% 13.29% 
0.0% 90.0% 0.0% 10.0% 0.0% 6.11% 14.60% 
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Figure 5.3 Au-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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5.2.3. Blended Property Portfolio Analysis 
Table 5.5 shows the performance implications of various blended property portfolios for both 
smoothed (Panel A) and de-smoothed (Panel B) Au-UPF data. The 50:50 (11.79% p.a.) and 
70:30 (11.48% p.a.) fixed-blend property portfolios provided superior annualised return 
performance compared to portfolios consisting solely of Au-UPFs (10.96% p.a.). The 70:30 
(2.80%) and 50:50 (4.59%) fixed-blend property portfolios were more risky than those with 
100% Au-UPFs (1.73%), but less risky than those with 100% REITs (9.43%). On the other 
hand, the optimal-blend property portfolio, which comprised 93% Au-UPFs and 7% REITs, 
gave 11.10% p.a. returns attached to a volatility of 1.58%. Hence, the optimal-blend property 
portfolio (#1) was the only blended property structure able to improve upon the risk-adjusted 
performance of 100% Au-UPFs (#2), while the 70:30 (#3) and 50:50 (#4) fixed-blend property 
portfolios were only able to surpass REITs (#5) on a risk-adjusted basis. 
 
The impact of de-smoothing the Au-UPF total return data series (Panel B) resulted in the 
increase of the 70:30 fixed-blend property portfolio’s risk level, which was 9% more than that 
of the unadjusted property portfolio with a similar blend. The adjusted 50:50 fixed-blend 
property portfolio, however, maintained the risk levels seen in the same unadjusted 
configuration. Given the extra volatility in the smoothed series, the optimal-blend property 
portfolio had a reduced weighting of de-smoothed Au-UPFs (86%) and increased weighting of 
REITs (14%), resulting in reduced risk-adjusted performance compared to the unadjusted 
optimal-blend property portfolio. The optimal-blend property portfolio still had the best overall 
risk-adjusted performing ranking, while the 70:30 fixed-blend property portfolio gave risk-
adjusted returns comparable to that of a portfolio with 100% de-smoothed Au-UPFs. 
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Table 5.5 Au-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 11.48% 2.80% 4.11 2.83 3 
50% UPFs / 50% REITs 11.79% 4.59% 2.57 1.79 4 
Optimal-blend property portfolio 
93% UPFs / 7% REITs 11.10% 1.58% 7.01 4.75 1 
100% UPFs 10.96% 1.73% 6.35 4.28 2 
100% REITs 12.37% 9.43% 1.31 0.93 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 11.98% 3.04% 3.94 2.77 3 
50% UPFs / 50% REITs 12.15% 4.57% 2.66 1.88 4 
Optimal-blend property portfolio 
86% UPFs / 14% REITs 11.82% 2.51% 4.70 3.28 1 
100% UPFs 11.65% 2.91% 4.01 2.78 2 
100% REITs 12.37% 9.43% 1.31 0.93 5 
 
Table 5.6 demonstrates the risk-adjusted returns of various mixed-asset portfolios, with a focus 
on the exposure in blended property components. The performance impact of using the 
unadjusted blended portfolio of listed and unlisted (Panel A) exposure can be clearly noticed 
in all mixed-asset portfolios. In terms of average annual returns, the portfolio containing the 
50:50 (5.49% p.a.), 70:30 (5.46% p.a.) and optimally-blended (5.42% p.a.) property 
components recorded higher returns than the portfolio containing pure Au-UPFs (5.41% p.a.). 
It was also observed that this improvement was achieved without sacrificing portfolio risk 
levels. The resulting risk-adjusted returns, as measured by the Sharpe ratio, saw all portfolios 
with blended property components outperforming portfolios with a pure Au-UPF property 
component. 
 
The utilisation of de-smoothed Au-UPF data as a component in the blended property structures 
(Panel B) did not cause much change in risk-adjusted performance, as the allocation of property 
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assets was confined to 10%. On a risk-adjusted basis, the mixed-asset portfolio with a pure Au-
UPF component outperformed, albeit by a very small margin, all mixed-asset portfolios with 
blended property components. It is noteworthy, however, that outperformance against pure 
REIT and financial assets-only portfolios was still evident.  
 
Table 5.6 Au-UPF Blended Property Mixed-asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 5.46% 7.91% 0.69 0.2390 2 
10% 50:50 Blended Property 5.49% 8.02% 0.68 0.2394 1 
10% Optimal Blended Property 5.42% 7.79% 0.70 0.2377 4 
10% UPFs 5.41% 7.75% 0.70 0.2371 5 
10% REITs 5.55% 8.32% 0.67 0.2378 3 
60% Stocks / 40% Bonds 4.77% 8.51% 0.56 0.1415 6 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 5.51% 7.92% 0.70 0.2451 3 
10% 50:50 Blended Property 5.53% 8.03% 0.69 0.2438 4 
10% Optimal Blended Property 5.49% 7.83% 0.70 0.2457 2 
10% UPFs 5.48% 7.76% 0.71 0.2458 1 
10% REITs 5.55% 8.32% 0.67 0.2378 5 
60% Stocks / 40% Bonds 4.77% 8.51% 0.56 0.1415 6 
 
5.2.4. Cointegration and Causality Analyses 
Table 5.7 summarises the findings of the augmented Dickey-Fuller (ADF) unit root test for log-
transformed quarterly returns of Au-UPFs and other Australian mainstream asset classes. The 
ADF tests reveal that in level form, t-statistic values recorded for Au-UPFs and bonds did not 
exhibit the statistical significance required to reject the null hypothesis of unit root. In contrast, 
the t-statistics for stocks and REITs were significant at 1% and 5% levels, respectively, hence 
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the alternative hypothesis of no unit root must be accepted. All series were then transformed by 
taking the first differences; this resulted in tests for Au-UPFs strongly rejected the null 
hypothesis at a 1% significance level, while bonds did so at 5% significance. Conclusively, the 
auto-regressive distributed lag (ARDL) cointegration model can be performed on Au-UPFs, 
bonds, stocks and REITs, since none of them require a higher order of differencing to achieve 
stationarity. 
 
Table 5.7 ADF Unit Root Test for Australian Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-value p-value t-value p-value 
UPFs 0.1292 0.9607 -6.4194 0.0000 I(1) 
Bonds -1.6066 0.4626 -3.5349 0.0167 I(1) 
Stocks -4.8806 0.0008 -5.8911 0.0001 I(0) 
REITs -3.5053 0.0173 -6.1355 0.0000 I(0) 
Note: H0 – non-stationary. 
 
Table 5.8 contains the results of the ARDL cointegration test for the sample period Q1:2010-
Q4:2015 with model [1,2,1,2] specification. In the ARDL model, Au-UPFs were the dependent 
variable and the other asset classes were the explanatory variables. As observed, the calculated 
F-statistic of 3.38 did not surpass lower-bound critical values at 1% (4.30), and 5% (3.38) 
significance, hence the null hypothesis of there being no cointegrating relationship cannot be 
rejected. If a 10% significance level is chosen, the cointegration relationship is categorised as 
inconclusive. Therefore, it can be concluded that there was no long-run unison between Au-
UPFs and Australian mainstream asset classes. To test the stability of the ARDL model, various 
diagnostic checks were performed. The Jarque-Bera test indicates that the variables were 
normally distributed, and they were not serially correlated according to a Breusch-Godfrey test. 
 
Results of the bivariate Granger causality test over Q2:2010-Q4:2015 (Table 5.9) show that the 
total returns of AU-UPFs could not be determined from the lagged returns of bonds, stocks or 
REITs. Similarly, when Au-UPFs were used as the determinant variable, there were no 
statistically significant influences on the three dependent variables. This signifies that the 
quarterly returns of Au-UPFs did not precede the quarterly returns of bonds, stocks or REITs. 
In conclusion, the bivariate Granger causality test further affirms the distinctiveness of Au-
UPFs as an asset-class which can offer excellent diversification benefits in the context of 
Australian domestic-mixed asset portfolios. 
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Table 5.8 Au-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 3.38 
ARDL 
[1,2,1,2] 
1% 4.30 5.23 
5% 3.38 4.23 
10% 2.97 3.74 
Serial correlation 2.3961 (0.1465)   
Normality 0.6644 (0.7174)   
Note: H0 – no long-run cointegrating relationship. 
 
Table 5.9 Au-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
1.8069 0.4052 Accept 
← 0.7158 0.6991 Accept 
UPFs 
→ 
Stocks 
1.6918 0.4292 Accept 
← 1.3071 0.5202 Accept 
UPFs 
→ 
REITs 
0.4215 0.8100 Accept 
← 0.0146 0.9927 Accept 
Note: H0 – no causal relationship. 
 
5.2.5. Summary of Findings 
The summarised results in Table 5.10 demonstrate the strong performance attributes of Au-
UPFs over Q2:2010-Q4:2015. As observed in Panel A, the risk-adjusted performance of Au-
UPFs was consistently better than that of other domestic asset classes. This is attributable by 
the competitive annual return performance delivered at a significantly lower risk level 
compared to all domestic asset classes. This low risk level of Au-UPFs may be contributed to 
the fact that Au-UPF index is composed of largely passive core UPFs. Further, Au-UPFs (r = 
-0.16) were more efficient portfolio diversifiers with the domestic stock market compared to 
both REITs (r = 0.55) and listed property companies (r = 0.85). At a correlation coefficient of 
r = -0.25, an inter-property investment strategy between Au-UPFs and REITs is also possible 
(Panel B). This strong diversification benefits translate into Au-UPFs (average allocation = 
15.7%) having higher average allocation in the optimal mixed-asset portfolio compared to 
bonds (5.6%) and stocks (0.0%), with higher allocation into Au-UPFs observed in the 
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conservative portfolio risk-return spectrum (Panel C). The blended property portfolio analysis 
(Panel D) shows investors could obtain higher absolute return performance compared to 
investing solely in Au-UPFs; however, only the optimal-blend hybrid property portfolio could 
deliver superior risk-adjusted performance. Lastly, Au-UPFs’ excellent diversification traits 
are also evident when the long- and short-run linkage tests with the domestic asset classes 
returned negative results (Panel E).  
   
Table 5.10 Au-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs vs 
Bonds ✓ ✓ ✓ 
Stocks ✓ ✓ ✓ 
REITs ✕ ✓ ✓ 
PCs ✕ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = -0.16 0.55 0.85 -0.25 0.44 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 
15.7% 5.6% 0.0% 39.0% 39.6% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✕ 
Fixed-blend 70:30 ✓ ✕ ✕ 
Optimal blend ✓ ✓ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕ ✕ 
Granger-causing ✕ ✕ ✕ 
Granger-caused by ✕ ✕ ✕ 
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5.3. PERFORMANCE OF JAPANESE UNLISTED PROPERTY FUNDS  
5.3.1. Risk-adjusted Performance Analysis 
Table 5.11 tabulates the risk-adjusted performance of various investment assets in Japan over 
Q2:2010-Q4:2015. In terms of average annual total returns, Japanese UPFs (Jp-UPFs) 
registered 4.18% p.a., outperforming government bonds (0.76% p.a.) but underperforming the 
rest of the asset classes, such as REITs (14.96% p.a.), listed property companies (13.76% p.a.) 
and stocks (10.15% p.a.). However, Jp-UPFs provided lower annual risk (9.10%) than stocks 
(20.72%), REITs (22.92%) and listed property companies (30.70%), but were riskier than 
bonds (0.59%). When the smoothed Jp-UPF series was analysed, the risk level of Jp-UPFs 
increased to 15.98%; this being approximately 77%, 70% and 50% of the risk levels recorded 
for stocks, REITs and listed property companies, respectively. Amid low annualised returns 
and marginally high volatility, Jp-UPFs (#5) were the poorest performing asset on a risk-
adjusted basis, while bonds, REITs, stocks and listed property companies ranked 1st, 2nd, 3rd 
and 4th, respectively. De-smoothed Jp-UPFs (#6) had even worse risk-adjusted performance 
due to increased risk level. 
 
Table 5.11 Jp-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average 
annual return 
Annual risk Return/risk 
ratio 
Sharpe ratio Rank 
UPFs      
Smoothed 4.18% 9.10% 0.46 0.44 5 
De-smoothed 4.70% 15.98% 0.29 0.28 6 
Bonds 0.76% 0.59% 1.29 1.02 1 
Stocks 10.15% 20.72% 0.49 0.48 3 
REITs 14.96% 22.92% 0.65 0.65 2 
PCs 13.76% 30.70% 0.45 0.44 4 
 
Table 5.12 presents the overall inter-asset correlation matrix between Jp-UPFs and other 
Japanese asset classes over Q2:2010-Q4:2015. Over this period, Jp-UPFs exhibited low 
correlation with all asset classes, which indicates that Jp-UPFs are a good portfolio diversifier 
in a mixed-asset framework. Jp-UPFs (r = 0.35) showed marginal diversification benefits with 
stocks, while neither REITs (r = 0.61) nor listed property companies (r = 0.86) had good 
diversification benefits with stocks. De-smoothing the Jp-UPF data did not result in significant 
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change in regard to the overall correlation characteristics, but it is worth noting that slight 
improvements in diversification benefits across the board were evident. The correlation 
coefficients with REITs and listed property companies became closer to zero. Hence, whether 
the data were smoothed or de-smoothed, this result indicates that Jp-UPFs were not only able 
to act as a platform to gain exposure to property assets, but also gave good diversification 
benefits compared to the two listed property investment vehicles. 
 
Table 5.12 Jp-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.89* 1.00     
Bonds -0.77* -0.50* 1.00    
Stocks 0.35 0.20 -0.25 1.00   
REITs 0.09 -0.06 -0.07 0.61* 1.00  
PCs 0.13 0.06 -0.11 0.86* 0.65* 1.00 
*: significant correlation (P < 0.05) 
 
5.3.2. Mixed-asset Portfolio Analysis 
Table 5.13 and Figure 5.4 present the various portfolio mix scenarios and their corresponding 
performance analyses over the period from Q2:2010 to Q4:2015, with a focus on assessing the 
role of Jp-UPFs in mixed-asset portfolios. The optimised portfolio with smoothed Jp-UPF data 
(Panel A) delivered minimum and maximum annualised returns of 0.93% and 14.96%, with 
the portfolio risk level ranging from 0.37% to 22.92%. A similar test was then performed with 
Jp-UPFs adjusted to account for smoothing bias (Panel B). This led to the optimised portfolios 
recording an eight-basis point lower minimum expected portfolio return and 15 basis point 
higher minimum portfolio risk level relative to the optimised portfolios with smoothed Jp-UPF 
data. Affirming the low volatility of Jp-UPFs, their role was mainly evident in the low-to-
medium risk-return range of optimal portfolio asset allocation (Panel A). The higher end of 
optimal portfolio allocation was mainly dominated by REITs, due to them exhibiting stronger 
risk-adjusted performance. Bonds played an effective role in stabilising the asset mix at the 
lower-end of the risk-return spectrum, while stocks and listed property companies were not a 
significant component in this Japanese domestic mixed-asset portfolio.  
 
 
157 
 
Table 5.13 Jp-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
95.2% 0.0% 0.0% 0.0% 4.8% 0.93% 0.37% 
73.1% 0.0% 9.6% 0.0% 17.3% 2.72% 2.63% 
53.8% 0.0% 18.1% 0.0% 28.1% 4.30% 4.88% 
34.5% 0.0% 26.6% 0.0% 38.9% 5.87% 7.14% 
15.3% 0.0% 35.1% 0.0% 49.7% 7.44% 9.39% 
0.0% 0.0% 44.7% 0.0% 55.3% 9.00% 11.65% 
0.0% 0.0% 57.4% 0.0% 42.6% 10.37% 13.90% 
0.0% 0.0% 68.5% 0.3% 31.2% 11.59% 16.16% 
0.0% 0.9% 78.8% 0.2% 20.1% 12.75% 18.41% 
0.0% 1.7% 88.8% 0.1% 9.4% 13.87% 20.67% 
0.0% 0.0% 100.0% 0.0% 0.0% 14.96% 22.92% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
98.1% 0.2% 0.0% 0.0% 1.6% 0.85% 0.52% 
80.2% 1.0% 10.5% 0.0% 8.2% 2.68% 2.76% 
65.2% 1.6% 19.4% 0.0% 13.7% 4.21% 5.00% 
50.3% 2.2% 28.2% 0.0% 19.2% 5.74% 7.24% 
35.4% 2.8% 37.1% 0.0% 24.7% 7.26% 9.48% 
20.5% 3.4% 45.9% 0.0% 30.2% 8.79% 11.72% 
5.7% 4.0% 54.7% 0.0% 35.6% 10.31% 13.96% 
0.0% 1.7% 67.8% 0.0% 30.6% 11.75% 16.20% 
0.0% 0.0% 80.2% 0.0% 19.8% 12.93% 18.44% 
0.0% 0.0% 90.4% 0.0% 9.6% 13.98% 20.68% 
0.0% 0.0% 100.0% 0.0% 0.0% 14.96% 22.92% 
 
The injected volatility from the de-smoothing procedure caused Jp-UPF allocations to diminish 
(Panel B). In the worst case, allocation was half that of when smoothed data was used. Having 
said that, however, Jp-UPFs still maintained a sizeable allocation in optimised portfolios. This 
reduced allocation in Jp-UPFs saw bonds make up a significant proportion of the optimised 
portfolio at the low-to-mid-range of the risk-return spectrum, offsetting the impact of increased 
volatility in the de-smoothed Jp-UPF series. In addition, equities also made a small appearance 
in the low-to-mid-range of the spectrum, while the presence of listed property companies was 
non-existent. This mean-variance analysis further confirms the importance of Jp-UPFs as a 
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suitable property investment vehicle for investors with low-to-medium risk appetites looking 
to increase their exposure in quality Japanese property assets. 
 
Figure 5.4 Jp-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series
 Panel B: De-smoothed UPF series 
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performance. Figure 5.5 shows that the inclusion of the original Jp-UPF series in the existing 
financial assets-only portfolio gave a small but noticeable upward shifting to the efficient 
frontier curve, particularly in the mid-range of the risk-return spectrum. This enhancement in 
the efficient frontier was even more significant when REITs were mixed with financial assets. 
On the other hand, the inclusion of listed property companies into financial assets portfolios 
resulted in the longest efficient frontier, but failed to improve upon the baseline portfolio. The 
efficient frontier fell slightly when the Jp-UPF data were adjusted for smoothing, but it still 
outperformed the baseline efficient frontier. When the mixed-asset framework was enlarged to 
include all assets into the mixture, the overall risk-return curve exhibited a significant increase 
across the entire risk-return spectrum, outperforming all the two-asset and three-asset portfolio 
efficient frontiers. Therefore, this 5-asset portfolio had the highest efficiency. 
 
Figure 5.5 Jp-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
As the mixed-asset portfolio was dominated mainly by Jp-UPFs and REITs at almost every 
risk-return level, a constrained asset allocation analysis was also conducted to simulate a real 
property asset allocation in institutional investment portfolios. In this constrained analysis, all 
property investment vehicles were limited to a maximum allocation of 10%. As displayed in 
Table 5.14 and Figure 5.6, this has resulted in smoothed Jp-UPFs (Panel A) playing a minor 
role in the mixed-asset portfolio, which was limited to the lower end of the portfolio risk-return 
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maximum cap of 10%. Listed property companies did not form any part of the constrained 
portfolio. Consistent with the result of the unconstrained mean-variance analysis, the added 
volatility in the filtered Jp-UPF series (Panel B) caused an even higher reduction in allocation. 
The enforcement of a capped allocation of property assets meant that government bonds played 
a significant role across the risk-return spectrum. A more significant role for stocks was also 
evident in this constrained asset allocation, particularly at the higher end of the asset mix.  
 
Table 5.14 Jp-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
95.2% 0.0% 0.0% 0.0% 4.8% 0.93% 0.37% 
85.0% 5.0% 6.6% 0.0% 3.4% 2.28% 2.35% 
77.8% 12.2% 10.0% 0.0% 0.0% 3.33% 4.32% 
67.5% 22.5% 10.0% 0.0% 0.0% 4.29% 6.30% 
57.7% 32.3% 10.0% 0.0% 0.0% 5.22% 8.28% 
47.9% 42.1% 10.0% 0.0% 0.0% 6.13% 10.25% 
38.3% 51.7% 10.0% 0.0% 0.0% 7.04% 12.23% 
28.7% 61.3% 10.0% 0.0% 0.0% 7.94% 14.20% 
19.1% 70.9% 10.0% 0.0% 0.0% 8.84% 16.18% 
9.5% 80.5% 10.0% 0.0% 0.0% 9.74% 18.15% 
0.0% 90.0% 10.0% 0.0% 0.0% 10.63% 20.13% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
98.1% 0.2% 0.0% 0.0% 1.6% 0.85% 0.52% 
84.7% 5.3% 7.0% 0.0% 3.0% 2.37% 2.48% 
77.8% 12.2% 10.0% 0.0% 0.0% 3.33% 4.32% 
67.5% 22.5% 10.0% 0.0% 0.0% 4.29% 6.30% 
57.7% 32.3% 10.0% 0.0% 0.0% 5.22% 8.28% 
47.9% 42.1% 10.0% 0.0% 0.0% 6.13% 10.25% 
38.3% 51.7% 10.0% 0.0% 0.0% 7.04% 12.23% 
28.7% 61.3% 10.0% 0.0% 0.0% 7.94% 14.20% 
19.1% 70.9% 10.0% 0.0% 0.0% 8.84% 16.18% 
9.5% 80.5% 10.0% 0.0% 0.0% 9.74% 18.15% 
0.0% 90.0% 10.0% 0.0% 0.0% 10.63% 20.13% 
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Figure 5.6 Jp-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
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5.3.3. Blended Property Portfolio Analysis 
Table 5.15 shows the risk-adjusted performance of various blended property portfolios 
constructed via fixed and optimal-blending of the smoothed (Panel A) / de-smoothed (Panel B) 
Jp-UPF and REIT data over Q2:2010-Q4:2015.  
 
The result speaks for itself; the blended property portfolio provides better performance than 
investing separately in each property asset. In Panel A, the liquidity-focused 50:50 (10.13% 
p.a.) and 70:30 (7.88% p.a.) fixed-blend property portfolios provided superior average annual 
return performance compared to investing solely in Jp-UPFs (4.18% p.a.). The 70:30 (9.61%) 
and 50:50 (12.55%) fixed-blend property portfolios had a slight increase in risk compared to 
Jp-UPFs (9.10%), but this was only a fraction of the volatility seen in REITs (22.92%). 
Optimally blending Jp-UPFs and REITs, however, has produced exemplary performance, as 
the blended portfolio can harness the full benefits of diversification with Jp-UPFs and REITs. 
The unadjusted optimum-blend ratio of 63:37 between Jp-UPFs and REITs generated an 
average annual return and risk of 8.72% p.a. and 10.52%, respectively. This resulted in the 
optimal-blend property portfolio being the best performer on a risk-adjusted basis, followed by 
the 70:30 (#2), and 50:50 (#3) fixed-blend property portfolios, with REITs (#4) and Jp-UPFs 
(#5) trailing behind. 
 
De-smoothing the Jp-UPF total return series increased the fixed-blend property portfolio risk 
level across the board, compared to similarly-blended, unadjusted property portfolios (Panel 
B). Weightings of the optimal-blend property portfolio adjusted to 45% for de-smoothed Jp-
UPFs and 55% for REITs, resulting in reduced risk-adjusted performance compared to the 
unadjusted optimal-blend property portfolio. Despite the increase in volatility, the optimal-
blend property portfolio (#1) still maintained its superiority in risk-adjusted performance, with 
the 50:50 fixed-blend property portfolio (#2) being more favourable on a risk-adjusted basis 
compared to the 70:30 fixed-blend property portfolio (#3).  
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Table 5.15 Jp-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 7.88% 9.61% 0.82 0.80 2 
50% UPFs / 50% REITs 10.13% 12.55% 0.81 0.79 3 
Optimal-blend property portfolio 
63% UPFs / 37% REITs 8.72% 10.52% 0.83 0.81 1 
100% UPFs 4.18% 9.10% 0.46 0.44 5 
100% REITs 14.96% 22.92% 0.65 0.65 4 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 8.50% 12.75% 0.67 0.65 3 
50% UPFs / 50% REITs 10.70% 13.54% 0.79 0.78 2 
Optimal-blend property portfolio 
45% UPFs / 55% REITs 11.24% 14.15% 0.79 0.78 1 
100% UPFs 4.70% 15.98% 0.29 0.28 5 
100% REITs 14.96% 22.92% 0.65 0.65 4 
 
Table 5.16 presents the risk-adjusted performance of smoothed (Panel A) and de-smoothed 
(Panel B) Japan blended property structures as components in a mixed-asset portfolio over 
Q2:2010-Q4:2015. With the unadjusted series (Panel A), there was a clear improvement in 
portfolio risk-adjusted performance when the blended property components were incorporated 
into a stocks and bonds portfolio: there was reduced portfolio volatility and improved annual 
returns. Most importantly, all portfolios with blended property exposure generated higher risk-
adjusted performance compared to the portfolio with a pure Jp-UPF exposure. Within the 
blended property context, the portfolio with a 50:50 fixed-blend structure was the best-
performing portfolio on a risk-adjusted basis (Sharpe ratio = 0.5478), followed by the portfolio 
with the optimally-blended property structure (Sharpe ratio = 0.5433) and 70:30 blended 
property (Sharpe ratio = 0.5402). 
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When the valuation-smoothing bias was corrected during the blended property portfolio 
construction (Panel B), portfolio volatility increased slightly, but the impact on risk-adjusted 
returns was minimal. All portfolios with blended property components maintained their 
outperformance against pure Jp-UPF- and financial assets-only portfolios. Overall, this result 
shows the advantages of using blended property structures to enhance mixed-asset portfolio 
performance, liquidity and transparency. 
 
Table 5.16 Jp-UPF Blended Property Mixed-asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Sharpe 
Ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 6.64% 11.99% 0.55 0.5402 4 
10% 50:50 Blended Property 6.86% 12.24% 0.56 0.5478 2 
10% Optimally Blended Property 6.72% 12.08% 0.56 0.5433 3 
10% UPFs 6.27% 11.65% 0.54 0.5241 5 
10% REITs 7.35% 12.90% 0.57 0.5569 1 
60% Stocks / 40% Bonds 6.40% 12.41% 0.52 0.5026 6 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 6.70% 12.29% 0.55 0.5320 4 
10% 50:50 Blended Property 6.92% 12.55% 0.55 0.5388 3 
10% Optimally Blended Property 6.98% 12.64% 0.55 0.5389 2 
10% UPFs 6.32% 11.69% 0.54 0.5270 5 
10% REITs 7.35% 12.90% 0.57 0.5569 1 
60% Stocks / 40% Bonds 6.40% 12.41% 0.52 0.5026 6 
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5.3.4. Cointegration and Causality Analyses 
Table 5.17 displays the ADF unit root test on level and first differences for the log-transformed 
quarterly total return series of Jp-UPFs and other Japanese mainstream asset classes. The 
results indicate the existence of unit root in level form for all variables except for bonds. The 
non-stationary bond variable was then transformed taking the first differences, resulting in this 
variable strongly rejecting the unit root null hypothesis at a 1% significance level. While testing 
for unit root is not a prerequisite for the ARDL cointegration framework, it is imperative to 
determine that none of the variables require a higher order of differencing to remove the unit 
root process. 
 
Table 5.17 ADF Unit Root Test for Japanese Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -6.3650 0.0002 -9.7690 0.0000 I(0) 
Bonds -3.1620 0.1164 -6.7650 0.0001 I(1) 
Stocks -4.3358 0.0118 -5.8698 0.0006 I(0) 
REITs -5.9017 0.0004 -9.4035 0.0000 I(0) 
Note: H0 – non-stationary. 
 
Table 5.18 displays the F-statistics calculated using the ARDL with lag model [2,0,0,0] 
specification, with the lag period automatically determined by minimising the Akaike 
Information Criterion (AIC). It is noteworthy that the lower- and upper-bound critical values 
reported in the table were calculated based on the 24 observations obtained after a 4-lagged 
dynamic regressor was applied. As observed, the calculated F-statistic (0.62) was lower than 
the lower-band critical value at every statistical significance level. As a result, the null 
hypothesis that Jp-UPFs do not cointegrate with all explanatory variables in the long run was 
valid. Various diagnostic checks were performed on the model to verify its robustness, and the 
results indicate that serial correlation and non- normality were absent. 
 
While the previous results presented no sufficient evidence of cointegration between Jp-UPF 
returns (as the dependent variable) and Japanese financial assets (as the explanatory variables), 
this does not mean these assets did not inter-communicate in short-run horizons. To test this 
hypothesis, the bivariate Granger causality tests were carried out with the results contained in 
Table 5.19. The results indicate that there was a 5%, statistically significant, uni-directional 
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influence of bonds on Jp-UPFs after a 2-lagged period. Similarly, the lagged returns of REITs 
were seen to Granger-cause the returns of Jp-UPF in the short-term. In contrast, there was no 
lead-lag relationship observed from Jp-UPFs to bonds or REITs. This suggests there is a high 
propensity for the movement of Jp-UPF returns to react and adjust accordingly to information 
discovery in domestic financial markets. However, no bi-directional causal paths were 
measured between Jp-UPFs and stocks over the full sample period, suggesting that Jp-UPFs 
were too secluded to be impacted by broad equity market movements in the short-term. 
 
Table 5.18 Jp-UPF ARDL Cointegration Test: Q1:2010-Q4:2015 
Test 
statistic 
Value Model 
Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 0.62 
ARDL 
[2,0,0,0] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
Serial correlation 0.1514 (0.8605)   
Normality 0.8496 (0.6539)   
Note: H0 – no long-run cointegrating relationship. 
 
Table 5.19 Jp-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
2.6334 0.1009 Accept 
← 7.6577 0.0043 Reject 
UPFs 
→ 
Stocks 
2.6272 0.1013 Accept 
← 0.6869 0.5166 Accept 
UPFs 
→ 
REITs 
0.0241 0.9763 Accept 
← 3.9344 0.0394 Reject 
Note: H0 – no causal relationship. 
 
5.3.5. Summary of Findings 
Table 5.20 summarises the empirical results for Jp-UPFs over Q2:2010-Q4:2015. As seen in 
Panel A, the mediocre average annual return performance over the study period impacted 
greatly on the risk-adjusted performance of Jp-UPFs. Although Jp-UPFs were less volatile 
compared to all Japanese investment asset classes, Jp-UPFs underperformed them on the 
Sharpe ratio risk-adjusted return basis. However, Jp-UPFs could provide investors with 
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superior diversification benefits in the domestic mixed-asset portfolio and inter-property 
investment strategies, as seen in Panel B. This resulted in Jp-UPFs (average allocation = 17.6%) 
being decently weighted in the mean-variance analysis despite the lacklustre risk-adjusted 
performance (Panel C). Moving on to the blended property portfolio analysis (Panel D), both 
the fixed- and optimal-blend property portfolio structures were able to improve upon the risk-
adjusted performance of a pure Jp-UPFs portfolio, albeit with higher risk levels. The results in 
Panel E also show that Jp-UPFs delivered a long-term diversification benefits with the domestic 
investment asset classes. However, limited short-term diversification is evident only with 
stocks, as Jp-UPFs tended to follow the movement of both bonds and REITs.  
 
 
Table 5.20 Jp-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs versus 
Bonds ✓ ✕ ✕ 
Stocks ✕ ✓ ✕ 
REITs ✕ ✓ ✕ 
PCs ✕ ✓ ✕ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = 0.20 0.61 0.86 -0.06 0.65 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 
17.6% 32.3% 1.5% 48.6% 0.0% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✓ 
Fixed-blend 70:30 ✓ ✕ ✓ 
Optimal blend ✓ ✕ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕  ✕ 
Granger-causing ✕  ✕   ✕ 
Granger-caused by ✓  ✕  ✓ 
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5.4. PERFORMANCE OF CHINESE UNLISTED PROPERTY FUNDS  
5.4.1. Risk-adjusted Performance Analysis 
Table 5.21 displays the risk-adjusted performance for Chinese UPFs (Cn-UPFs) over Q2:2010-
Q4:2015. REITs delivered the highest returns over this period (17.61% p.a.), exceeding Cn-
UPFs (9.15% p.a.), stocks (4.66% p.a.), bonds (3.68% p.a.) and listed property companies 
(1.81% p.a.). Except for bonds (0.81%), the smoothed Cn-UPF series (8.05%) recorded lower 
risk than REITs (15.80%), stocks (25.70%) and listed property companies (31.80%). In terms 
of risk-adjusted returns (via return-to-risk ratio and Sharpe ratio), Cn-UPFs were the third best-
performing asset after bonds and REITs, with listed property companies being the poorest-
performing asset class over the Q2:2010-Q4:2015 period. The smoothing-corrected Cn-UPF 
(#4) data series had almost double the risk of the unfiltered series, positioning it mid-way 
between the risk of REITs and stocks. 
 
Table 5.21 Cn-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average 
annual return 
Annual risk Return/risk 
ratio 
Sharpe ratio Rank 
UPFs      
Smoothed 9.15% 8.05% 1.14 0.84 3 
De-smoothed 7.63% 17.34% 0.44 0.30 4 
Bonds 3.68% 0.81% 4.54 1.58 1 
Stocks 4.66% 25.70% 0.18 0.09 5 
REITs 17.61% 15.80% 1.11 0.96 2 
PCs 1.81% 31.80% 0.06 - - 
 
The potential benefits of diversifying with Cn-UPFs are presented in Table 5.22, which shows 
the results of the correlation analysis over the period Q2:2010-Q4:2015. There was a weak 
relationship between Cn-UPFs and Chinese conventional assets such as bonds (r = 0.18), 
REITs (r = 0.08), listed property companies (r = -0.12) and stocks (r = 0.22), indicating 
potential diversification benefits for these asset classes. Specifically, in a 2-asset framework 
with stocks, Cn-UPFs (r = 0.22) provided marginally higher diversification benefits compared 
to listed property companies with stocks (r = 0.67) and REITs with stocks (r = 0.41). Within 
the property-only asset-class, weak linear relationships were evident between Cn-UPFs and the 
two listed property investment vehicles, with correlation coefficients of r = 0.08 with REITs 
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and r = -0.12 with listed property companies. The results highlight that effective portfolio 
diversification can be achieved with Cn-UPFs, which played a more prominent role in the 
Chinese domestic mixed-asset framework compared to REITs and listed property companies. 
Adjustment for valuation-smoothing bias improved the diversification benefits of Cn-UPFs, 
which attained near-zero correlation coefficients with bonds, stocks and REITs. Also, it is 
worth noting that the de-smoothed series exhibited negative correlations with two assets, while 
the smoothed series only had one. 
 
Table 5.22 Cn-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.89* 1.00     
Bonds 0.18 0.01 1.00    
Stocks 0.22 0.06 0.17 1.00   
REITs 0.08 -0.03 0.06 0.41* 1.00  
PCs -0.12 -0.22 0.07 0.67* 0.60* 1.00 
*: significant correlation (P < 0.05) 
 
5.4.2. Mixed-asset Portfolio Analysis 
The impact of including Cn-UPFs in a mixed-asset framework was explored by using the 
Markowitz mean-variance model (Table 5.23 and Figure 5.7). Smoothed Cn-UPF (Panel A) 
and REIT allocations in the five-asset portfolio were prevalent, with exposure in both of these 
assets evident across almost the entire risk-return spectrum. The allocation in Cn-UPFs was 
prominent from the low to medium portfolio risk-return band, while REITs dominated at the 
higher end of the spectrum. At the lowest risk level, the optimised portfolio consisted of 100% 
bonds, which was not unexpected, as it had the lowest risk level amongst the asset classes. At 
the risk-return mid-point, the optimised portfolio comprised 59.4% Cn-UPFs and 40.5% 
REITs. For high risk-tolerant investors seeking enhanced returns, the optimised portfolio 
contained 100% of the higher-yielding REITs.  
 
When the appraisal lag in the smoothed Cn-UPF data was filtered (Panel B), Cn-UPFs, whilst 
maintaining a sizeable allocation in optimised portfolios, were seen as less efficient than in the 
smoothed Cn-UPF series. This resulted in reduced allocations across the entire risk-return 
spectrum of the optimised portfolio. The low returns and high volatility recorded in both stocks 
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and listed property companies caused both assets to be excluded entirely from the asset mix. 
Overall, this asset allocation context for Cn-UPFs further reinforces the added-value role of 
unlisted property funds in Chinese mixed-asset portfolios. 
 
Table 5.23 Cn-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
100.0% 0.0% 0.0% 0.0% 0.0% 3.68% 0.81% 
74.5% 0.0% 10.6% 0.0% 14.9% 5.97% 2.31% 
55.5% 0.0% 18.2% 0.0% 26.3% 7.66% 3.81% 
36.9% 0.0% 25.7% 0.0% 37.4% 9.31% 5.31% 
18.5% 0.0% 33.1% 0.0% 48.4% 10.94% 6.81% 
0.1% 0.0% 40.5% 0.0% 59.4% 12.57% 8.31% 
0.0% 0.0% 56.0% 0.0% 44.0% 13.89% 9.81% 
0.0% 0.0% 68.4% 0.0% 31.6% 14.93% 11.30% 
0.0% 0.0% 79.5% 0.0% 20.5% 15.88% 12.80% 
0.0% 0.0% 89.9% 0.0% 10.1% 16.76% 14.30% 
0.0% 0.0% 100.0% 0.0% 0.0% 17.61% 15.80% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
99.8% 0.0% 0.0% 0.0% 0.2% 3.69% 0.81% 
82.5% 0.0% 12.9% 0.0% 4.6% 5.73% 2.31% 
69.9% 0.0% 22.2% 0.0% 7.9% 7.21% 3.81% 
57.7% 0.0% 31.3% 0.0% 11.0% 8.65% 5.31% 
45.5% 0.0% 40.4% 0.0% 14.1% 10.08% 6.81% 
33.4% 0.0% 49.4% 0.0% 17.3% 11.51% 8.31% 
21.2% 0.0% 58.4% 0.0% 20.4% 12.93% 9.81% 
9.1% 0.0% 67.4% 0.0% 23.5% 14.35% 11.30% 
0.0% 0.0% 78.0% 0.0% 22.0% 15.75% 12.80% 
0.0% 0.0% 90.1% 0.0% 9.9% 16.78% 14.30% 
0.0% 0.0% 100.0% 0.0% 0.0% 17.61% 15.80% 
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Figure 5.7 Cn-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
 
 
 
Figure 5.8 shows the various efficient frontiers for mixed-asset portfolios with Cn-UPFs, 
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Cn-UPFs in a portfolio containing financial assets (bonds and stocks) significantly enhanced 
the efficient frontier curve compared to the benchmark financial assets-only portfolio, across 
the entire return-risk spectrum. When a similar simulation was carried out on REITs, a more 
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listed property companies, however, did not yield a better efficient frontier curve than the 
benchmark bonds-stocks portfolio. Volatility-induced Cn-UPFs caused a huge downward shift 
in the efficient frontier, yet still provided a higher efficient frontier than the baseline financial 
assets-only portfolio. Overall, the result from the Markowitz efficient frontier analysis affirmed 
the role of Cn-UPFs and REITs as portfolio enhancers in a domestic mixed-asset investment 
framework. 
 
Figure 5.8 Cn-UPF Efficient Frontiers: Q2:2010-Q4:2015 
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role of REITs in this mixed-asset framework context is not unexpected, since REITs recorded 
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the highest risk-adjusted returns amongst the Chinese conventional asset classes. As with the 
smoothed Cn-UPF test, the adjusted Cn-UPF series (Panel B) did not manage to enter any of 
the optimal portfolio. Overall, the huge reduction in expected portfolio return and the increased 
risk in the constrained mixed-asset framework (compared to the unconstrained one) shows the 
inability of property asset allocation to adequately stabilise risk and enhance returns in current 
institutional portfolios. This was especially evident in unconstrained scenarios where REITs 
were an excellent alternative to stocks, while Cn-UPFs could co-exist with bonds at the lower 
end of the efficient frontier.  
 
Table 5.24 Cn-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
100.0% 0.0% 0.0% 0.0% 0.0% 3.68% 0.81% 
82.5% 7.5% 10.0% 0.0% 0.0% 5.15% 3.11% 
72.7% 17.3% 10.0% 0.0% 0.0% 5.24% 5.41% 
63.5% 26.5% 10.0% 0.0% 0.0% 5.34% 7.72% 
54.3% 35.7% 10.0% 0.0% 0.0% 5.42% 10.02% 
45.2% 44.8% 10.0% 0.0% 0.0% 5.51% 12.32% 
36.1% 53.9% 10.0% 0.0% 0.0% 5.60% 14.62% 
27.1% 62.9% 10.0% 0.0% 0.0% 5.69% 16.92% 
18.1% 71.9% 10.0% 0.0% 0.0% 5.78% 19.23% 
9.0% 81.0% 10.0% 0.0% 0.0% 5.87% 21.53% 
0.0% 90.0% 10.0% 0.0% 0.0% 5.96% 23.83% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
99.8% 0.0% 0.0% 0.0% 0.2% 3.69% 0.81% 
82.5% 7.5% 10.0% 0.0% 0.0% 5.15% 3.11% 
72.7% 17.3% 10.0% 0.0% 0.0% 5.24% 5.41% 
63.5% 26.5% 10.0% 0.0% 0.0% 5.34% 7.72% 
54.3% 35.7% 10.0% 0.0% 0.0% 5.42% 10.02% 
45.2% 44.8% 10.0% 0.0% 0.0% 5.51% 12.32% 
36.1% 53.9% 10.0% 0.0% 0.0% 5.60% 14.62% 
27.1% 62.9% 10.0% 0.0% 0.0% 5.69% 16.92% 
18.1% 71.9% 10.0% 0.0% 0.0% 5.78% 19.23% 
9.0% 81.0% 10.0% 0.0% 0.0% 5.87% 21.53% 
0.0% 90.0% 10.0% 0.0% 0.0% 5.96% 23.83% 
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Figure 5.9 Cn-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
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5.4.3. Blended Property Portfolio Analysis 
Table 5.25 highlights the potential value of constructing a blended property portfolio 
comprising Cn-UPFs and REITs, which can enhance return performance and benefit from 
diversification. The impact of using the smoothed (Panel A) and de-smoothed (Panel B) Cn-
UPF series in creating the blended property portfolio is also highlighted. 
 
In Panel A, the unadjusted, simple, fixed-blend portfolios with 50:50 (13.70% p.a.) and 70:30 
(11.95% p.a.) ratios of Cn-UPFs:REITs greatly enhanced absolute returns compared to a 
portfolio with 100% Cn-UPFs (9.15% p.a.). Optimally blending the Cn-UPFs and REITs 
(12.64% p.a.) resulted in a 62:38 ratio, earning returns in between those recorded for the 50:50 
and 70:30 portfolios. Most importantly, these returns were achieved without sacrificing risk 
exposure; the 70:30 (7.66%) fixed-blend property portfolio recorded a lower portfolio risk level 
than a portfolio of 100% Cn-UPFs (8.05%). In contrast, the 62:38 optimal-blend (8.11%) and 
50:50 fixed-blend (9.16%) property portfolios exhibited a slight increase in risk exposure. This 
resulted in the 62:38 optimal-blend property portfolio (#1) being the best performing structure, 
followed by the 70:30 (#2) and 50:50 (#3) fixed-blend property portfolios. It is also noteworthy 
that all blended property portfolios outperformed the 100% REIT portfolio (#4) on a risk-
adjusted basis.  
 
As evident in Panel B, using the smoothing-corrected Cn-UPF data series resulted in increased 
risk, consequently reducing risk-adjusted return performance. The 27:73 optimal-blend 
property portfolio (#1) was still the best performer, while the 100% REIT portfolio (#2) had 
better risk-adjusted performance than the 50:50 (#3) and 70:30 (#4) fixed-blend property 
portfolios. All blended property portfolios, however, had better risk-adjusted performance 
compared to the 100% Cn-UPF portfolio (#5). Overall, Chinese blended property portfolios 
had better risk-adjusted returns and liquidity than ones comprising only Cn-UPFs. The result 
also shows how an optimally blended property portfolio can gave stronger risk-adjusted returns 
compared to a simple fixed-blend property portfolio. 
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Table 5.25 Cn-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 11.95% 7.66% 1.56 1.25 2 
50% UPFs / 50% REITs 13.70% 9.16% 1.49 1.23 3 
Optimal-blend property portfolio 
62% UPFs / 38% REITs 12.64% 8.11% 1.56 1.26 1 
100% UPFs 9.15% 8.05% 1.14 0.84 5 
100% REITs 17.61% 15.80% 1.11 0.96 4 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 11.15% 12.92% 0.86 0.68 4 
50% UPFs / 50% REITs 13.26% 11.58% 1.15 0.94 3 
Optimal-blend property portfolio 
27% UPFs / 73% REITs 15.41% 12.32% 1.25 1.06 1 
100% UPFs 7.63% 17.34% 0.44 0.30 5 
100% REITs 17.61% 15.80% 1.11 0.96 2 
 
The Cn-UPF blended property analysis was then extended to gauge the benefits of including 
each form of blended property component in a mixed-asset portfolio. The results of this 
analysis are shown in Table 5.26. Without adjustment for the smoothing bias (Panel A), the 
baseline portfolio comprised of stocks and bonds demonstrated improved risk and return 
performance with a 10% exposure in property assets. More importantly, the inclusion of a 10% 
blended property component improved performance even more dramatically. The significance 
of this performance enhancement was also evident when the mixed-asset portfolio with pure 
Cn-UPFs was used as benchmark. It provided an average 8% gain in annualised returns for 
only a 1% increase in risk level, across all forms of blended property components. In terms of 
risk-adjusted performance, the portfolio with pure REITs (#1) was at the top, while the 
portfolios with 50:50 (#2), optimally configured (#3) and 70:30 (#4) blended property 
components outperformed the pure Cn-UPFs (#5) and financial assets-only (#6) portfolios. 
177 
 
When the smoothing correction procedure was performed (Panel B), reduction in risk-adjusted 
returns was evident across portfolios with exposure in Cn-UPFs. These included portfolios with 
blended property components, as well as portfolios with pure Cn-UPFs. Be that as it may, 
portfolios with all forms of blended property components maintained their outperformance of 
pure Cn-UPF portfolios. Within the blended property portfolio context, the portfolio containing 
the optimally blended property component gave the highest risk-adjusted returns in a mixed-
asset portfolio. 
 
Table 5.26 Cn-UPF Blended Property Mixed-asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Sharpe 
Ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 5.05% 14.53% 0.35 0.1824 4 
10% 50:50 Blended Property 5.22% 14.63% 0.36 0.1931 2 
10% Optimally Blended Property 5.12% 14.56% 0.35 0.1867 3 
10% UPFs 4.77% 14.39% 0.33 0.1647 5 
10% REITs 5.61% 14.91% 0.38 0.2157 1 
60% Stocks / 40% Bonds 4.27% 15.48% 0.28 0.1209 6 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 4.97% 14.51% 0.34 0.1771 4 
10% 50:50 Blended Property 5.18% 14.61% 0.35 0.1904 3 
10% Optimally Blended Property 5.39% 14.73% 0.37 0.2033 2 
10% UPFs 4.61% 14.40% 0.32 0.1540 5 
10% REITs 5.61% 14.91% 0.38 0.2157 1 
60% Stocks / 40% Bonds 4.27% 15.48% 0.28 0.1209 6 
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5.4.4. Cointegration and Causality Analyses 
Table 5.27 summarises the findings of the ADF unit root test for Cn-UPFs and other Chinese 
mainstream asset classes. Apart from bonds, the ADF tests on level form show that the 
computed t-statistics for Cn-UPFs, stocks and REITs did not indicate the presence of unit root. 
Therefore, the alternative hypothesis, of no unit root, must be accepted for these variables. In 
contrast, the t-statistic computed for bonds did not conform to any of the common statistical 
measurements, hence it can be concluded that unit root was present in the bond series. The 
ADF test was extended on the first differences for all variables, resulting in Cn-UPFs, stocks 
and REITs strongly rejected the null hypothesis at 1% significance level, while bonds rejected 
the null hypothesis at a lower 5% significance level. Conclusively, this indicates that all 
variables were partially integrated I(0) and I(1) processes and compatible with the ARDL 
bound test for cointegration. 
 
Table 5.27 ADF Unit Root Test for Chinese Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences 
Stationary 
t-statistic p-value t-statistic p-value 
UPFs -5.0896 0.0024 -7.6283 0.0000 I(0) 
Bonds -1.1042 0.9063 -4.0028 0.0243 I(1) 
Stocks -4.2088 0.0154 -4.8309 0.0045 I(0) 
REITs -3.9247 0.0304 -9.0766 0.0000 I(0) 
Note: H0 – non-stationary. 
 
Table 5.28 displays the F-statistics calculated using the ARDL test with model [1,1,1,1] 
specification, with the lag period automatically selected using AIC. The lower- and upper-
bound critical values reported in the table were calculated based on the 22 observations after a 
2-lagged dynamic regressor was applied. As observed, the calculated F-statistic (10.09) 
exceeded the critical value (4.84) at 1% statistical significance. Consequently, the null 
hypothesis that Cn-UPFs are not cointegrated in the long-run with at least one explanatory 
variable could not stand, and the alternative hypothesis of long-run cointegration with at least 
one explanatory variable must be adopted. To determine the robustness of the ARDL model 
utilised, several diagnostic checks were performed. The overall results show the ARDL model 
passed the serial correlation test and samples used in the model were normally distributed. 
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Table 5.28 Cn-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model 
Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 10.09 
ARDL 
[1,1,1,1] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
LM 1.1678 (0.3396)   
JB 1.4619 (0.4814)   
Note: H0 – no long-run cointegrating relationship. 
 
Since the ARDL cointegration test indicates the existence of a long-term association between 
the independent variables (bonds, stocks and REITs) and the dependent variable (Cn-UPFs), a 
long-run coefficient model was generated to determine which independent variables exhibited 
a statistically significant unitary relationship with Cn-UPFs in the long-term. The result of this 
cointegrating relationship is summarised in Panel A of Table 5.29. Bonds had positive long-
term coefficient dynamics with Cn-UPFs. The opposite was observed between stocks, REITs 
and Cn-UPFs, suggesting a lack of substitutability of Cn-UPFs and these two listed assets in 
the long-run. Be that as it may, it could be seen that only bonds possessed a statistically 
significant coefficient (P < 0.05) with Cn-UPFs in the long run, in that Cn-UPFs could 
appreciate as much as 0.58% in the event that bonds performance increased by 1%. 
 
The coefficients of the error correction term are shown in Panel B of Table 5.29. The negative 
sign in the ECTt-1 coefficient (-0.9791), and the fact that it is statistically significant at the 1% 
level, further corroborates the robustness of the ARDL results. The term ECTt-1 refers to the 
speed at which any deviation from equilibrium by Cn-UPFs will be corrected, per quarter, in 
the unitary model. Only information discovery from bonds was statistically significant in the 
short-run equilibrium. At 98% per quarter, this shows that Cn-UPFs would be aggressively 
corrected to the symmetric model once a deviation occurred. 
 
Table 5.30 depicts the results of the bivariate Granger causality tests, over Q1:2010-Q4:2015, 
between Cn-UPFs and Chinese bonds, stocks and REITs. The results indicate that there was a 
strong uni-directional causal path flowing from bonds and stocks to Cn-UPFs measured at 1% 
significance level over the full sample period. This signifies that the returns of bonds and stocks 
preceded the returns of Cn-UPFs. Meanwhile, the results also indicate that Cn-UPFs were not 
Granger-caused by, nor was it Granger-causing, REITs over the time series. This lack of 
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association of Cn-UPFs with REITs in the short- and long-term investment horizons shows that 
investors can obtain effective diversification benefits by way of an inter-property investment 
strategy in a domestic investment portfolio. But the same could not be said about diversifying 
Cn-UPFs with either stocks or bonds, as they are causally related in the short-term horizon. 
 
Table 5.29 Cn-UPF ARDL Results: Q1:2010-Q4:2015 
Panel A: Long-run cointegration equation 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Stocks -0.2260 -1.8170 0.0880 
Bonds 0.5834 2.3417 0.0325 
REITs 0.1844 1.0895 0.2921 
Panel B: Error correction estimates 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Bonds 7.6062 3.1911 0.0057 
Stocks -0.0334 -0.8959 0.3836 
REITs -0.0700 -1.1741 0.2576 
ECTt-1 -0.9791 -6.9243 0.0000 
 
Table 5.30 Cn-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
0.8655 0.3633 Accept 
← 9.8492 0.0052 Reject 
UPFs 
→ 
Stocks 
0.0496 0.9755 Accept 
← 9.6336 0.0081 Reject 
UPFs 
→ 
REITs 
0.1861 0.9111 Accept 
← 1.4536 0.4835 Accept 
Note: H0 – no causal relationship. 
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5.4.5. Summary of Findings 
Panel A of Table 5.31 shows Cn-UPFs outperformed the equivalent domestic stocks and listed 
property companies on a risk-adjusted basis, but underperformed bonds and REITs over 
Q2:2010-Q4:2015. Nonetheless, investors could obtain greater diversification benefits by 
having exposure in the stock market and Cn-UPFs (r = 0.06) as opposed to investing in either 
REITs (r = 0.41) or listed property companies (r = 0.67) with stocks (Panel B). 
Notwithstanding, as depicted in Panel C, Cn-UPFs were allocated less than 10% in average 
allocation in the optimal mixed-asset portfolio due to the lack of performance, with REITs 
(50.8%) and bonds (39.6%) dominating the portfolio. When the hybrid property portfolio 
structure was constructed by blending Cn-UPFs and REITs (Panel D), investors could enhance 
their property portfolio’s return and risk performance envelopes. Interestingly, this is obtained 
irrespective the structure of the blended property portfolio. 
 
Panel E summarises the long- and short-term linkages between Cn-UPFs and the domestic 
Chinese asset classes. As observed, the results support the distinctiveness of Cn-UPFs from the 
perspective of domestic investment. Over Q2:2010-Q4:2015, Cn-UPFs were only found to 
have limited long-run association with the Chinese government bonds. This implies that Cn-
UPF investors could achieve enhanced long-term diversification benefits by having Cn-UPFs, 
stocks and REITs in a diversified investment portfolio. In a short-term investment horizon, Cn-
UPFs were seen to be more influenced by the broad investment trend, as the Granger causality 
test suggested Cn-UPFs followed the temporal information emanating from both bonds and 
stocks. This suggests investors are better-off with an inter-property investment strategy with 
REITs from a short-term investment point of view. 
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Table 5.31 Cn-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs versus 
Bonds ✓ ✕ ✕ 
Stocks ✓ ✓ ✓ 
REITs ✕ ✕ ✕ 
PCs ✓ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = 0.06 0.41 0.67 -0.03 0.60 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 
9.6% 39.6% 0.0% 50.8% 0.0% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✓ ✓ 
Fixed-blend 70:30 ✓ ✓ ✓ 
Optimal blend ✓ ✓ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs
Relationship  Bonds Stocks REITs 
Cointegration  ✓ ✕  ✕ 
Granger-causing ✕  ✕   ✕ 
Granger-caused by ✓  ✓  ✕ 
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5.5. PERFORMANCE OF US UNLISTED PROPERTY FUNDS  
5.5.1. Risk-adjusted Performance Analysis 
 
The risk-adjusted return performance of US-UPFs and other mainstream US asset classes over 
the period Q2:2010-Q4:2015 is tabulated in Table 5.32. US-UPFs delivered the highest annual 
returns (15.55% p.a.), exceeding REITs (13.92% p.a.), stocks (12.35% p.a.), listed property 
companies (2.63% p.a.) and bonds (3.10% p.a.). Also, US-UPFs gave significantly lower risk 
levels (5.61%) compared to the other mainstream asset classes, bested only by bonds (1.21%). 
With their superior annual return performance delivered at much lower risk levels, US-UPFs 
(#1) emerged as the best-performing asset on a risk-adjusted basis (via return-to-risk ratio and 
Sharpe ratio), outpacing all the mainstream asset classes by a wide margin. When the US-UPF 
series was corrected for valuation-smoothing, the adjusted series recorded 1.6 times higher risk 
level than the smoothed series. Notwithstanding the extra risk level, it still outperformed the 
majority of the US mainstream asset classes on a risk-adjusted basis.  
 
Table 5.32 US-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average 
annual return 
Annual risk Return/risk 
ratio 
Sharpe ratio Rank 
UPFs      
Smoothed 15.55% 5.61% 2.77 2.76 1 
De-smoothed 16.40% 8.98% 1.83 1.82 3 
Bonds 3.10% 1.21% 2.56 2.51 2 
Stocks 12.35% 16.07% 0.77 0.76 5 
REITs 13.92% 17.63% 0.79 0.79 4 
PCs 2.63% 31.29% 0.08 0.08 6 
 
The inter-asset correlation coefficients for smoothed and de-smoothed US-UPF series over 
Q2:2010-Q4:2015 are shown in Table 5.33. US-UPFs delivered significant diversification 
benefits with stocks (r = -0.14), more so than for REITs with stocks (r = 0.74) and listed 
property companies with stocks (r = 0.89). Amongst the property asset classes, the quarterly 
returns of US-UPFs and REITs were almost uncorrelated over this six-year period (r = 0.09), 
with minimal inverse correlations seen with listed property companies (r = -0.07). In contrast, 
both REITs and listed property companies (r = 0.81) were found to be strongly correlated with 
each other. When the adjusted US-UPF series was utilised, the loosely correlated relationship 
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was still present with REITs (r = 0.09), listed property companies (r = -0.07) and stocks (r = 
-0.13). The smoothing correction also improved the US-UPFs correlation with bonds, from r 
= 0.37 to r = 0.32. Thus, whether using smoothed or de-smoothed data, this result indicates 
greater portfolio diversification benefits are achievable by investing in US-UPFs rather than 
REITs or listed property companies. 
 
Table 5.33 US-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.99* 1.00     
Bonds 0.37 0.32 1.00    
Stocks -0.14 -0.13 0.22 1.00   
REITs 0.09 0.09 0.13 0.74* 1.00  
PCs -0.07 -0.07 0.08 0.89* 0.81* 1.00 
*: significant correlation (P < 0.05) 
 
5.5.2. Mixed-asset Portfolio Analysis 
 
Table 5.34 shows the mean-variance optimisation of smoothed (Panel A) and de-smoothed 
(Panel B) US-UPF data in a domestic mixed-asset portfolio, while Figure 5.10 is an asset 
composition diagram for the risk-return spectrum.  
 
The optimised portfolios for the smoothed US-UPF series (Panel A) delivered minimum and 
maximum annualised returns of 3.10% and 15.55%, with the portfolio standard deviations 
ranging from 1.21-5.61%. As observed, US-UPFs have a prominent role in US domestic 
mixed-asset investment portfolios. Given the fact that US-UPFs were the top performing asset 
providing a low risk investment, the enhancement in portfolio performance with the inclusion 
of US-UPFs did not come with a significant appreciation in portfolio risk level. Within the 
property asset-class, US-UPFs asserted their dominant role as sole portfolio enhancers, with no 
weighting towards REITs and listed property companies evident in the mean-variance 
optimisation.  
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As expected, the volatility-induced US-UPF series (Panel B) exhibited a slight reduction in 
overall allocation compared to the smoothed series due to the higher risk levels; nonetheless, 
sizeable allocations across the entire risk-return spectrum were still visible. Again, either in 
smoothed or unsmoothed form, US-UPFs featured prominently in the conservative, balanced 
and optimistic US domestic mixed-asset portfolios. Notably, the optimal portfolio contained 
larger weightings towards bonds in the conservative portfolios, while allocations in US stocks 
maxed out at 21.4% in both smoothed and de-smoothed US-UPF multi-asset investment 
portfolios. 
 
Table 5.34 US-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
100.0% 0.0% 0.0% 0.0% 0.0% 3.10% 1.21% 
81.0% 1.8% 0.0% 0.0% 17.3% 5.41% 1.65% 
68.7% 3.3% 0.0% 0.0% 28.0% 6.89% 2.09% 
57.6% 4.8% 0.0% 0.0% 37.7% 8.23% 2.53% 
47.0% 6.1% 0.0% 0.0% 46.9% 9.50% 2.97% 
36.8% 7.4% 0.0% 0.0% 55.8% 10.73% 3.41% 
26.7% 8.7% 0.0% 0.0% 64.6% 11.95% 3.85% 
16.7% 10.0% 0.0% 0.0% 73.3% 13.15% 4.29% 
6.9% 11.3% 0.0% 0.0% 81.9% 14.33% 4.73% 
0.0% 7.2% 0.0% 0.0% 92.8% 15.32% 5.17% 
0.0% 0.0% 0.0% 0.0% 100.0% 15.55% 5.61% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
100.0% 0.0% 0.0% 0.0% 0.0% 3.10% 1.21% 
81.6% 3.7% 0.0% 0.0% 14.6% 5.39% 1.99% 
68.8% 6.6% 0.0% 0.0% 24.6% 6.98% 2.76% 
56.8% 9.3% 0.0% 0.0% 33.9% 8.46% 3.54% 
45.2% 11.9% 0.0% 0.0% 42.9% 9.91% 4.32% 
33.7% 14.5% 0.0% 0.0% 51.8% 11.33% 5.09% 
22.4% 17.0% 0.0% 0.0% 60.6% 12.74% 5.87% 
11.0% 19.6% 0.0% 0.0% 69.4% 14.14% 6.65% 
0.0% 21.4% 0.0% 0.0% 78.6% 15.53% 7.43% 
0.0% 7.8% 0.1% 0.0% 92.1% 16.08% 8.20% 
0.0% 0.0% 0.0% 0.0% 100.0% 16.40% 8.98% 
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Figure 5.10 US-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
 
Panel B: De-smoothed UPF series 
 
 
Figure 5.11 illustrates the efficient frontier for various asset-mix combinations over Q2:2010-
Q4:2015, with a special focus on US-UPFs. The inclusion of US-UPFs in a portfolio containing 
financial assets (bonds and stocks) significantly enhanced the efficient frontier curve compared 
to the baseline financial assets-only portfolio, across the entire return-risk spectrum. An 
uplifting in the efficient frontier was also seen when REITs were added to the baseline 
portfolio, but it was not as significant as with the addition of US-UPFs. A mixture of bonds, 
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stocks and listed property companies, however, did not yield a better efficient frontier curve 
than the baseline bonds-stocks portfolio. The use of adjusted US-UPF series resulted in a minor 
downgrade in the efficient frontier, but this was nonetheless demonstrably higher than the 
efficient frontiers of financial assets-REIT and financial assets-listed property companies 
portfolios. In the final mean-variance optimisation scenario, the multi-asset investment 
portfolio was widened to include all assets into the mix. This, however, did not result in 
improvement in the efficient frontier compared to the three-asset portfolio with US-UPFs, 
suggesting the latter portfolio combination had already achieved 100% efficiency. Overall, the 
result from the Markowitz efficient frontier analysis affirmed the significant role of US-UPFs 
as portfolio enhancers in a domestic mixed-asset investment framework. 
 
Figure 5.11 US-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
While the previous unconstrained mean-variance optimisation highlighted the important role 
of US-UPFs in domestic mixed-asset portfolios, it was common to see the multi-asset portfolio 
being exclusively allocated, or heavily-weighted towards a single asset, which was the situation 
in the case of US-UPFs. This defeats the main objective of investing in a multi-asset portfolio, 
which is to achieve diversification. Further, the unconstrained mean-variance analysis also 
gave over-generous allocation towards US-UPFs, which was notably higher than the actual 
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property asset allocation in institutional investor portfolios. Hence, constrained mixed-asset 
portfolios were constructed by applying a cap on total property assets at 10%. The result of this 
constrained mixed-asset portfolio is shown in Table 5.35 and Figure 5.12, for both smoothed 
(Panel A) and de-smoothed (Panel B) US-UPF series. The imposition of the cap on total 
property assets resulted in significant reductions in the overall portfolio expected return and 
risk levels. US-UPFs were still the dominant property asset which, the majority of the time, 
were allocated at the 10% capped level. The extra volatility in the smoothing-corrected US-
UPF series did not cause huge variation in the portfolio risk level, as the mean-variance 
optimisation was able to leverage the new correlation structure in the adjusted US-UPF series. 
In the case of limited exposure to US-UPFs, bonds and stocks increasingly shaped the risk-
return profile of the mixed-asset portfolio. 
 
Table 5.35 US-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
100.0% 0.0% 0.0% 0.0% 0.0% 3.10% 1.21% 
77.1% 12.9% 0.0% 0.0% 10.0% 5.53% 2.53% 
67.8% 22.2% 0.0% 0.0% 10.0% 6.40% 3.85% 
59.0% 31.0% 0.0% 0.0% 10.0% 7.21% 5.17% 
50.5% 39.5% 0.0% 0.0% 10.0% 8.00% 6.48% 
42.0% 48.0% 0.0% 0.0% 10.0% 8.79% 7.80% 
33.5% 56.5% 0.0% 0.0% 10.0% 9.57% 9.12% 
25.1% 64.9% 0.0% 0.0% 10.0% 10.35% 10.44% 
16.7% 73.3% 0.0% 0.0% 10.0% 11.12% 11.76% 
8.4% 81.6% 0.0% 0.0% 10.0% 11.90% 13.08% 
0.0% 90.0% 0.0% 0.0% 10.0% 12.67% 14.40% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio 
return 
Portfolio 
risk 
100.0% 0.0% 0.0% 0.0% 0.0% 3.10% 1.21% 
77.9% 12.1% 0.0% 0.0% 10.0% 5.55% 2.52% 
68.1% 21.9% 0.0% 0.0% 10.0% 6.45% 3.84% 
59.2% 30.8% 0.0% 0.0% 10.0% 7.28% 5.16% 
50.6% 39.4% 0.0% 0.0% 10.0% 8.08% 6.47% 
42.0% 48.0% 0.0% 0.0% 10.0% 8.87% 7.79% 
33.6% 56.4% 0.0% 0.0% 10.0% 9.65% 9.11% 
25.1% 64.9% 0.0% 0.0% 10.0% 10.43% 10.42% 
16.7% 73.3% 0.0% 0.0% 10.0% 11.21% 11.74% 
8.4% 81.6% 0.0% 0.0% 10.0% 11.98% 13.06% 
0.0% 90.0% 0.0% 0.0% 10.0% 12.76% 14.37% 
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Figure 5.12 US-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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5.5.3. Blended Property Portfolio Analysis 
With the already outstanding performance shown by US-UPFs in the previous analysis, it is 
interesting to see whether the risk-adjusted returns can be further enhanced, alongside with 
achieving improvement in liquidity by obtaining listed property exposure through REITs. 
Accordingly, two types of blended property portfolios were created: a return-focused, 
optimally-blended property portfolio, and two liquidity-focused, fixed-blend property 
portfolios. The performance implications of the various blended property portfolios over 
Q2:2010-Q4:2015 are shown in Table 5.36. 
 
Starting off using the smoothed US-UPF series (Panel A), a blended property portfolio 
composed of 93% US-UPFs and 7% REITs earned annual returns averaging 15.55%, with a 
risk level of 5.47%, resulting in a Sharpe ratio of 2.83 (#1). A 100% US-UPF (#2) portfolio 
earned comparable annual returns, but at a slightly higher risk level of 5.61%. Although the 
optimal-blend property portfolio delivered the highest risk-adjusted performance, it came at 
the expense of not meeting the liquidity mandate due to the very small allocation in REITs. On 
the other hand, the liquidity-focused 70:30 (#3) and 50:50 (#4) fixed-blend property portfolios 
delivered higher risk-adjusted performance compared to a portfolio of 100% REITs (#5), but 
were lower in the same measure when pitted against the portfolio composed of 100% US-UPFs. 
Notwithstanding the lower risk-adjusted performance, the 70:30 and 50:50 fixed-blend 
property portfolios could bring extra benefits that were not considered in the analysis; namely, 
liquidity and transparency benefits. 
 
A similar blended property portfolio optimisation was carried out by accounting for the 
smoothing bias in the US-UPF total return series (Panel B). The Sharpe ratio of the 70:30 fixed-
blend property portfolio was identifiably impacted by the extra volatility (Sharpe ratio = 1.86 
versus 2.24) compared to the unadjusted series. The adjusted 50:50 fixed-blend property 
portfolio, however, had only marginal reduction in risk-adjusted performance compared to the 
unadjusted 50:50 fixed-blend portfolio. The overall risk-adjusted rankings still saw the 
optimal-blend property portfolio as the best performing structure, with both of the fixed-blend 
property portfolios maintaining outperformance compared to the 100% REITs portfolio. 
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Table 5.36 US-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Sharpe 
ratio 
Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 15.43% 6.86% 2.25 2.24 3 
50% UPFs / 50% REITs 15.17% 9.48% 1.60 1.59 4 
Optimal-blend property portfolio 
93% UPFs / 7% REITs 15.55% 5.47% 2.84 2.83 1 
100% UPFs 15.55% 5.61% 2.77 2.76 2 
100% REITs 13.92% 17.63% 0.79 0.79 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 16.06% 8.58% 1.87 1.86 2 
50% UPFs / 50% REITs 15.64% 10.25% 1.53 1.52 4 
Optimal-blend property portfolio 
83% UPFs / 17% REITs 16.25% 8.28% 1.96 1.95 1 
100% UPFs 
16.40% 8.98% 1.83 1.82 3 
100% REITs 13.92% 17.63% 0.79 0.79 5 
 
The US blended property analysis was then extended to gauge the benefits of incorporating a 
blended property component in a mixed-asset portfolio. Results of this analysis are shown in 
Table 5.37. Without adjustment for smoothing bias (Panel A), the analysis demonstrated that 
portfolio risk and returns were improved when subjected to blended property exposure. Using 
the typical investor allocation to property, the inclusion of blended property in the bonds-stocks 
framework saw an average 8% improvement in total returns and 5% reduction in volatility. This 
improvement, however, diminished across all forms of blended property components when they 
were pitted against the portfolio with 10% exposure in pure US-UPFs. This resulted in an 
average 0.2% improvement in total returns at the cost of a 4% increase in risk. In terms of risk-
adjusted performance, the portfolio with pure US-UPF approach (#1) was at the top, while the 
portfolios with the optimally configured (#2), 70:30 (#3) and 50:50 (#4) blended property 
components outperformed the pure REITs (#5) and financial assets-only (#6) portfolios.  
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Taking into consideration smoothing bias (Panel B), risk-adjusted performance was marginally 
reduced due to increased risk level. Be that as it may, portfolios with all forms of blended 
property components maintained outperformance against pure-US REITs and bonds-stocks 
portfolios. Within the blended property portfolio context, the portfolio containing the optimally 
blended property component gave the highest risk-adjusted returns in the mixed-asset portfolio. 
  
Table 5.37 US-UPF Blended Property Mixed-asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Sharpe 
Ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 9.42% 9.30% 1.01 1.0059 3 
10% 50:50 Blended Property 9.40% 9.58% 0.98 0.9738 4 
10% Optimally Blended Property 9.43% 8.99% 1.05 1.0427 2 
10% UPFs 9.43% 8.89% 1.06 1.0536 1 
10% REITs 9.27% 10.31% 0.90 0.8934 5 
60% Stocks / 40% Bonds 8.65% 9.76% 0.89 0.8796 6 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 9.48% 9.59% 0.99 0.9821 3 
10% 50:50 Blended Property 9.44% 9.97% 0.95 0.9403 4 
10% Optimally Blended Property 9.50% 9.32% 1.02 1.0127 2 
10% UPFs 9.52% 9.08% 1.05 1.0409 1 
10% REITs 9.27% 10.31% 0.90 0.8934 5 
60% Stocks / 40% Bonds 8.65% 9.76% 0.89 0.8796 6 
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5.5.4. Cointegration and Causality Analyses 
Table 5.38 presents the stationarity test results of US-UPFs, stocks, bonds and REITs using the 
ADF unit root test at level, as well as after removing the first differences. Overall, the results 
indicate partial integration amongst the asset classes over the full sample period. This is not 
surprising due to the small sample size employed in this study (24 observations). Specifically, 
the results of the unit root test at level show that the null hypothesis of unit root presence in the 
time-series cannot be rejected at all confidence levels for both bonds and stocks. In contrast, 
the t-statistics computed for both REITs and US-UPFs were statistically significant at the 5% 
level. When the time series for all asset classes were stated in first differences, both stocks and 
bonds rejected the null hypothesis at 1% and 5% significance levels, respectively. The lack of 
higher-than-(1) stationary processes amongst the variables indicated that all of them were fit to 
be analysed in the ARDL bound test. 
 
Table 5.38 ADF Unit Root Test for US Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -3.4092 0.0237 -6.5217 0.0000 I(0) 
Bonds -2.2157 0.2066 -3.4028 0.0221 I(1) 
Stocks -0.9873 0.7358 -7.1026 0.0000 I(1) 
REITs -3.6598 0.0132 -5.0460 0.0008 I(0) 
Note: H0 – non-stationary. 
 
The ARDL bound test with model [1,3,3,2] specification was performed to gauge if the broad 
US financial assets can affect the US-UPF performance in the long-run. US-UPFs were set as 
the response variable, while bonds, stocks, and REITs were the explanatory variables (Table 
5.39). Since the upper-bound critical values were between 3.20 and 4.66, the calculated F-
statistic of 5.49 managed to exceed these critical values. The alternative hypothesis of a long-
term relationship between US-UPFs and mainstream asset classes cannot be rejected. 
Therefore, it can be concluded that a long-run equilibrium relationship exists between US-
UPFs and US mainstream asset classes. The existence of the cointegrating relationship warrants 
the construction of a long-run equilibrium model and short-run error correction estimates to 
gauge the degree of the cointegration and the speed at which any divergence will be corrected 
in the model. 
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Table 5.39 US-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 5.49 
ARDL 
(1,3,3,2) 
1% 3.65 4.66 
5% 2.79 3.67 
10% 2.37 3.20 
Serial correlation 0.5850 (0.5722)   
Normality 0.7514 (0.6868)   
Note: H0 – no long-run cointegrating relationship. 
 
The long-run equilibrium model (Panel A) and error correction terms (Panel B) from the 
cointegration test over the full sample period are depicted in Table 5.40. As seen in Panel A, it 
is clear that all regressors were instrumental in defining the cointegration relationship with US-
UPFs. Both stocks and bonds were statistically significant at 1%, while REITs were statistically 
significant at 5% in the long-run equilibrium model. The effective overall coefficient of 1.12 
signifies that an increase of 10% in all explanatory variables will result in the uplifting of US-
UPF performance by 11.20%. In specific terms, the positive coefficients of bonds (1.20) and 
REITs (0.19) indicate that any upward movement in the bond and stock indices will benefit 
US-UPFs in the long run. By contrast, stocks exhibited a negative coefficient (-0.27) with US-
UPFs in the long-term investment horizon.  
 
The coefficients of the error correction estimate are shown in Panel B. The error correction 
term (ECTt-1) coefficient was correctly negative (-0.68) and significant at the 1% level; further 
substantiating the stability of the cointegration model. Again, all variables were significant in 
the short-term equilibrium model, in that their role was to ensure that any deviation of US-
UPFs from the symmetric model was corrected. Based on the error correction term estimates, 
it can be seen that reversion to long-run equilibrium would be done at moderate velocity; it 
would take US-UPFs 1.47 (1/0.68) quarters for any deviation to converge back to the 
symmetric relationship. 
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Table 5.40 US-UPF ARDL Results: Q1:2010-Q4:2015 
Panel A: Long-run cointegration equation 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Stocks -0.2735 -3.1005 0.0078 
Bonds 1.1993 16.7184 0.0000 
REITs 0.1907 2.9099 0.0114 
Panel B: Error correction estimates 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Bonds 0.8327 2.3197 0.0360 
Bondst-1 0.9811 3.0000 0.0096 
Stocks -0.0984 -5.0140 0.0002 
REITs 0.0649 4.3498 0.0007 
ECTt-1 -0.6884 -5.1645 0.0001 
 
Results of the bivariate Granger causality test performed on Q2:2010-Q4:2015 data are 
reported in Table 5.41, and show that the total returns of US-UPFs can be determined from the 
lagged returns of bonds, stocks and REITs. The F-statistic values for unidirectional causal 
flows from bonds (9.8491), stocks (5.3416) and REITs (26.1325) to US-UPFs exceeded the 
5% statistical significance level required to reject the null hypothesis of Granger non-causality. 
More importantly, REITs seemed to Granger-cause the returns of US-UPFs with exponentially 
higher impact than either stocks or bonds. This signifies stronger information transmission 
from the publicly-traded property market to the discrete US-UPF market, further highlighting 
the impact of valuation-smoothing bias in disguising the actual property market condition. The 
second stage of testing for causal relationships was to using US-UPF returns as the explanatory 
variable. Results show strong rejection of the alternative hypothesis, thus the returns of US-
UPFs did not Granger-cause the returns of bonds, stocks and REITs.  
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Table 5.41 US-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
0.8655 0.3522 Accept 
← 9.8491 0.0017 Reject 
UPFs 
→ 
Stocks 
2.1919 0.1548 Accept 
← 5.3416 0.0188 Reject 
UPFs 
→ 
REITs 
1.6847 0.9463 Accept 
← 26.1325 0.0002 Reject 
Note: H0 – no causal relationship. 
 
5.5.5. Summary of Findings 
Table 5.42 presents the summary of the empirical results for US-UPFs over Q2:2010-Q4:2015. 
As shown in Panel A, the average annual returns of US-UPFs were higher compared to the 
other US asset classes. Except for bonds, this superior performance is also observed in the 
annual risk measurement, resulting in US-UPFs delivering higher risk-adjusted performance 
compared to stocks, REITs and listed property companies. In addition to this, US-UPFs could 
play a vital role in the domestic mixed-asset portfolio due to higher correlation efficiency with 
the US asset classes (Panel B). This is further corroborated based on the results of the mean-
variance analysis (Panel C), where US-UPFs accounted for more than half of the allocation in 
the optimal mixed-asset portfolio. Panel D summarises the US-UPF blended property portfolio 
performance analysis. Here, both fixed-blend property portfolio structures failed to improve 
upon the risk-adjusted performance compared to investing solely in US-UPFs. However, 
improved returns, risk and risk-adjusted returns were evident if investors opted to optimally 
blend US-UPFs and REITs as a hybrid property portfolio.  
 
Panel E contains the summary of the cointegration and causality analysis of US-UPFs. The 
results suggest that US-UPFs offer limited diversification benefits in both long- and short-term 
investment horizons. This is due to the fact that US-UPFs were found to be cointegrating with 
major US domestic asset classes in the long-run. Further, from the Granger causality test, 
temporal components from bonds, stocks and REITs were also found in the total return 
movement of US-UPFs. 
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Table 5.42 US-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs versus 
Bonds ✓ ✕ ✕ 
Stocks ✓ ✓ ✓ 
REITs ✓ ✓ ✓ 
PCs ✓ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = -0.13 0.74 0.89 0.09 0.81 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 
51.7% 38.1% 10.2% 0.0% 0.0% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✕ ✕ ✕ 
Fixed-blend 70:30 ✕ ✕ ✕ 
Optimal blend ✓ ✓ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs
Relationship  Bonds Stocks REITs 
Cointegration  ✓ ✓  ✓ 
Granger-causing ✕  ✕   ✕ 
Granger-caused by ✓  ✓  ✓ 
 
5.6. SUMMARY OF FINDINGS  
The comprehensive analysis on the performance and role of UPFs in domestic mixed-asset 
portfolios in Australia, Japan, China and the US are the key elements of this chapter. The 
statistical analyses include risk-adjusted performance, diversification benefits, roles in mixed-
asset portfolios and measurement of the long-term association with domestic mainstream asset 
classes over 2010-2015. This section provides a general review of the empirical results. 
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5.6.1. Risk-adjusted Performance and Diversification Benefits 
Results show that the majority of UPF markets delivered competitive performance in their 
respective domestic investment markets on a risk-adjusted basis, with UPF markets in Australia 
and the US surpassing every other single asset class on a risk-adjusted basis (Table 5.43). The 
only exception was Jp-UPFs; the mediocre risk-adjusted returns resulted in them being barely 
competitive in the Japanese domestic investment market. Decomposing the risk-adjusted 
performance results demonstrated a clear distinction in the risk-return properties of UPFs 
compared to other asset classes. Although the majority of UPF markets were seen to provide 
higher average annual returns compared to bonds and stocks, they were lower than that of 
domestic REITs (Australia, China, Japan). However, the main advantage of UPF markets is 
that they were not influenced by the volatility of the stock market, resulting in a significantly 
lower risk level compared to all publicly-traded investment assets. Even after valuation-
smoothing bias was corrected, the lower risk level compared to other listed property investment 
vehicles was still evident. 
 
Table 5.43 Asia-Pacific and US UPF Performance Summary: Domestic 
Did UPFs provide better performance compared to domestic asset classes? 
 Asset Return Risk Risk-adjusted return 
Australia 1 ✓ ✓* ✓ 
2 ✓ ✓ ✓ 
3 ✕ ✓ ✓ 
4 ✕ ✓ ✓ 
Japan 1 ✓ ✕ ✕ 
2 ✕ ✓ ✕ 
3 ✕ ✓ ✕ 
4 ✕ ✓ ✕ 
China 1 ✓ ✕ ✕ 
2 ✓ ✓ ✓ 
3 ✕ ✓* ✕ 
4 ✓ ✓ ✓ 
US 1 ✓ ✕ ✓* 
2 ✓ ✓ ✓ 
3 ✓ ✓ ✓ 
4 ✓ ✓ ✓ 
Note: 1 = Bonds, 2 = Stocks, 3 = REITs, 4 = Listed property companies  
 * = smoothed only 
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In terms of diversification potential, all UPF markets assessed in this chapter played effective 
roles in a domestic multi-asset investment framework, due to being less correlated with the 
stock market compared to REITs and listed property companies (Table 5.44). An effective 
domestic inter-property investment strategy with REITs was also observed; something not 
achievable between the domestic REIT and listed property company sectors. Most importantly, 
the strong diversification benefits of UPFs in Australia, Japan, China and the US were not 
affected after the de-smoothing procedure was carried out.  
 
Table 5.44 Asia-Pacific and US UPF Correlation Coefficient Summary: Domestic 
 
UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
 
Australia -0.16 0.55 0.85 -0.25 0.44 
Japan 0.20 0.61 0.86 -0.06 0.65 
China 0.06 0.41 0.67 -0.03 0.60 
US -0.13 0.74 0.89 0.09 0.81 
 
5.6.2. Role in Domestic Mixed-asset Investment Portfolios 
The role of UPFs in a domestic mixed-asset portfolio was assessed over Q2:2010-Q4:2015. 
The results indicate that UPFs have a unique role in domestic mixed-asset portfolios in 
Australia, Japan, China and the US. Consistent average allocations to UPFs were observed in 
the domestic five-asset portfolio composed of UPFs, REITs and listed property companies 
across the four markets (Table 5.45). UPFs in Australia (17.3%), Japan (27.0%) and China 
(26.6%) were optimally configured in the lower half of the portfolio risk-return spectrum, due 
to the more balanced risk-return trade-off offered by UPFs. On the other hand, US-UPFs 
(54.4%) could easily provide investors with stronger and enhanced mixed-asset portfolio 
performance irrespective of their risk preferences. The increased volatility from the de-
smoothing procedure (Panel B) resulted in reduced average allocation to UPFs, with Cn-UPFs 
being the most impacted (26.6% versus 9.6%) by the increased risk level. 
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Table 5.45 Asia-Pacific and US UPF Asset Allocation Summary: Domestic 
Panel A: Smoothed UPF series 
Market UPFs Bonds Stocks REITs PCs 
Australia 17.3% 4.3% 0.0% 40.0% 38.4% 
Japan 27.0% 24.7% 0.2% 48.0% 0.1% 
China 26.6% 26.0% 0.0% 47.4% 0.0% 
US 54.4% 40.1% 5.5% 0.0% 0.0% 
Panel B: De-smoothed UPF series 
Market UPFs Bonds Stocks REITs PCs 
Australia 15.7% 5.6% 0.0% 39.0% 39.6% 
Japan 17.6% 32.3% 1.5% 48.6% 0.0% 
China 9.6% 39.6% 0.0% 50.8% 0.0% 
US 51.7% 38.1% 10.2% 0.0% 0.0% 
 
5.6.3. Blended Property Portfolio Optimisation 
Overall, the asset allocation analysis presented a strong justification, from the perspective of 
performance enhancement, for investors to consider UPFs as a vital component in their 
domestic investment portfolios. The performance implications of blended property portfolios 
are positive, especially when they include UPFs with lower risk-adjusted performance than 
their domestic REIT counterparts (Table 5.46). For Japan and China, the absolute return 
performance envelope was improved by blending UPFs and REITs, irrespective of the blended 
property portfolio structure. On the other hand, by optimally tuning the already stellar 
performance of Au-UPFs and US-UPFs with domestic REITs, the blended property portfolio 
provided an absolute return performance unequalled by the pure UPFs portfolio. With the 
exception of China, the increased exposure to a listed property component increased portfolio 
risk. Nonetheless, compared to a pure UPF portfolio, the fixed-blend and optimal-blend 
portfolios delivered superior risk-adjusted performance in Japan and China, with only the 
optimally-blended property portfolio providing superior risk-adjusted performance in Australia 
and the US. 
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Table 5.46 Asia-Pacific and US Blended Property Portfolio Performance Summary: 
Domestic 
Did blended property portfolio provide better performance compared to a pure UPFs 
portfolio? 
 Structure Return Risk 
Risk-adjusted 
return 
Australia 1 ✓ ✕ ✕ 
2 ✓ ✕ ✕ 
3 ✓ ✓ ✓ 
Japan 1 ✓ ✕ ✓ 
2 ✓ ✕ ✓ 
3 ✓ ✕ ✓ 
China 1 ✓ ✓** ✓ 
2 ✓ ✓ ✓ 
3 ✓ ✓** ✓ 
US 1 ✕ ✕ ✕ 
2 ✕ ✕ ✕ 
3 ✓* ✓ ✓ 
Note: 1 = fixed-blend 50:50, 2 = fixed-blend 70:30, 3 = optimal blend  
 * = smoothed only, ** = de-smoothed only 
 
5.6.4. Long- and Short-term Linkages 
The long-term association analysis between UPFs and domestic mainstream asset classes in 
four jurisdictions revealed mixed results for the cointegrating relationships (Table 5.47). 
Specifically, the results indicated a statistically significant cointegrating relationship between 
Cn-UPFs and Chinese bonds in the long-run, while US-UPFs cointegrated with all US domestic 
mainstream asset classes. In contrast, no significant cointegrating relationship was observed 
for UPFs in Japan and Australia. This indicates that domestic investors can benefit from long-
term diversification benefits by investing in UPFs in Japan and Australia, and to a lesser extent 
in China. US-UPFs were more of a substitute for domestic mainstream asset classes for 
investors with long-term investment horizons. These results further support the strong role of 
UPFs in their respective domestic mixed-asset portfolio investment strategies.  
 
Table 5.48 summarises the Granger causality tests of UPFs and domestic asset classes in 
Australia, Japan, China and the US. There was no sign of causal linkages between Au-UPFs 
and domestic mainstream asset classes, with both Jp-UPFs and Cn-UPFs exhibiting causal 
transmission from their respective domestic bond markets. Uni-directional causality was 
detected from REITs to Jp-UPFs, with a similar uni-directional causality from stocks to Cn-
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UPFs being observed. In the US, the UPF market was more affected by the lagged movement 
of REITs, stocks and bonds, as the one-way causality effects were strong and statistically 
significant. Overall, the lack of short-term association between Au-UPFs and the domestic 
investment market means investors would benefit from an enhanced diversification strategy by 
having UPFs in a multi-asset investment framework. Meanwhile, investors looking for short- 
to medium-term property exposure through UPFs in Japan would achieve better diversification 
benefits by limiting their exposure in domestic REITs and bonds, and a strong domestic inter-
property investment strategy could be achieved in China. 
 
Table 5.47 Asia-Pacific and US UPF Cointegration Test Summary: Domestic 
Were there long-run relationships between UPFs and bonds, stocks and REITs? 
  Bonds Stocks REITs 
Australia  ✕ ✕ ✕ 
Japan  ✕ ✕ ✕ 
China  ✓ ✕ ✕ 
US  ✓ ✓ ✓ 
 
Table 5.48 Asia-Pacific and US UPF Granger Causality Test Summary: Domestic 
Were there causal relationships between UPFs and bonds, stocks and REITs? 
 Asset Granger-causing: Granger-caused by: 
Australia 1 ✕ ✕ 
 2 ✕ ✕ 
3 ✕ ✕ 
Japan 1 ✕ ✓ 
2 ✕ ✕ 
3 ✕ ✓ 
China 1 ✕ ✓ 
2 ✕ ✓ 
3 ✕ ✕ 
US 1 ✕ ✓ 
2 ✕ ✓ 
3 ✕ ✓ 
Note: 1 = Bonds, 2 = Stocks, 3 = REITs 
  
The following chapter will highlight these investment issues concerning European UPFs for 
the UK, Finland, France, Germany and the Netherlands. 
 
 
203 
 
CHAPTER 6  
THE SIGNIFICANCE AND PERFORMANCE OF 
EUROPEAN UNLISTED PROPERTY FUNDS IN 
DOMESTIC MIXED-ASSET PORTFOLIOS 
 
This chapter extends the analysis of UPFs to include European UPFs; specifically focusing on 
the UK, Germany, Finland, France and the Netherlands from a domestic investment 
perspective. As in the previous chapter, the same set of four performance measurements is used 
to assess the performance, diversification benefits and role of UPFs in these five European 
markets.  
 
6.1. INTRODUCTION 
Over the past few years, investment institutions, especially pension funds, have turned to 
alternative indirect investment opportunities to obtain significant property exposure. This is 
due to the lack of distinctiveness of traditional indirect property investment conduits, such as 
REITs and listed property companies. Given the increased importance of UPFs in institutional 
investor portfolios, especially in Europe, UPFs are a favoured vehicle for obtaining quality core 
property exposure. This chapter aims to provide investors with a more complete understanding 
of the investment attributes and added-value role of European UPFs in a domestic investment 
context. The risk-adjusted performance (via the Sharpe ratio) of UPFs across five European 
markets, namely, the UK, Germany, Finland, France and the Netherlands, are assessed over 
Q2:2010-Q4:2015 (in local currency). Equivalent time series data on domestic asset classes 
such as bonds, stocks, REITs and listed property companies are included for performance 
comparison purposes. They are also used to assess the diversification benefits and roles of 
UPFs in the respective domestic mixed-asset investment frameworks. In continuation, a hybrid 
property portfolio structure is constructed using optimal-blend and fixed-blend property 
configurations. This is specifically aimed at enhancing the risk-adjusted performance of 
property portfolios and, at the same time, improving property portfolio liquidity and 
transparency. The last set of analyses involves the use of econometric procedures to evaluate 
the degree of long- and short-term association between UPFs and other domestic investment 
asset classes. The ARDL bound test and Granger causality test are used to achieve this 
objective. The last section of this chapter provides an overview of how these results can assist 
investors in their decision making.  
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6.2. PERFORMANCE OF UK UNLISTED PROPERTY FUNDS  
6.2.1. Risk-adjusted Performance Analysis 
Table 6.1 summarises the risk-adjusted performance of UK-UPFs compared to equivalent UK 
conventional asset classes over Q2:2010-Q4:2015. UK-UPFs (#1) were the best-performing 
asset class, demonstrated by their high annual return performance, low risk level and, 
subsequently, stronger risk-adjusted returns compared to bonds (#3), listed property companies 
(#4) and REITs (#5). Stocks (#6) were the worst-performing UK asset class on a risk-adjusted 
basis, due to their lacklustre annual returns that were further compromised by elevated risk 
level. Whilst the volatility-induced UK-UPF data series had a risk level that was higher by a 
factor of 1.36 than that of the smoothed series, it still outperformed (#2) UK conventional asset 
classes on a risk-adjusted basis.  
 
Table 6.1 UK-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average 
annual return 
Annual risk Return/risk 
ratio 
Sharpe ratio Rank 
UPFs      
Smoothed 8.85% 2.85% 3.11 3.04 1 
De-smoothed 8.22% 3.87% 2.13 2.08 2 
Bonds 2.52% 1.34% 1.89 1.75 3 
Stocks 5.64% 14.74% 0.38 0.37 6 
REITs 14.08% 17.19% 0.82 0.81 5 
PCs 14.29% 15.82% 0.90 0.89 4 
 
The inter-asset correlation coefficients for smoothed and de-smoothed UK-UPF data series 
over Q2:2010-Q4:2015 are shown in Table 6.2. The UK-UPFs delivered significant 
diversification benefits with stocks (r = -0.06), more so than for REITs with stocks (r = 0.73) 
and listed property companies with stocks (r = 0.66). Amongst the property asset classes, the 
performance of UK-UPFs was lowly correlated with REITs over this six-year period (r = 0.09) 
and listed property companies (r = 0.02). In contrast, both REITs and listed property companies 
were found to be strongly correlated with each other (r = 0.84). When the adjusted UK-UPF 
series was utilised, correlation coefficients with REITs and listed property companies increased 
to r = 0.20 against REITs and r = 0.27 against listed property companies, while coefficients 
with bonds and stocks were near zero. Thus, whether using smoothed or de-smoothed data, the 
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results indicate that greater portfolio diversification benefits are achievable by investing in UK-
UPFs rather than REITs or listed property companies. 
 
Table 6.2 UK-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.83* 1.00     
Bonds 0.26 0.03 1.00    
Stocks -0.06 -0.02 0.16 1.00   
REITs 0.09 0.20 -0.01 0.73* 1.00  
PCs 0.02 0.27 -0.20 0.66* 0.84* 1.00 
*: significant correlation (P < 0.05) 
 
6.2.2. Mixed-asset Portfolio Analysis 
The strong risk-adjusted performance and excellent diversification benefits of UK-UPFs 
suggest that they can play a leading role in mixed-asset portfolios. The mean-variance test was 
also extended to incorporate the smoothing-corrected UK-UPF data series in the UK mixed-
asset portfolio. Table 6.3 and Figure 6.1 show the various portfolio combinations comprising 
ideal mixtures of bonds, stocks, REITs, listed property companies and UPFs over Q2:2010-
Q4:2015. Each portfolio combination started off with the least amount of risk and the optimum 
return for the particular risk level. An increase in portfolio risk would correspondingly result 
in an increase in portfolio returns. 
 
As observed in Table 6.3, the smoothed UK-UPF asset mix (Panel A) with the lowest portfolio 
return (3.31% p.a.) and risk level (1.26% p.a.) was comprised of 89.4% bonds, 2.2% listed 
property companies and 8.4% UK-UPFs. Increased portfolio returns and risk resulted in a 
reduced allocation in bonds, which were eventually omitted entirely from the asset mix. 
Meanwhile, UK-UPFs continued to feature prominently from the low- to mid-point of the risk-
return spectrum of the efficient portfolios. Listed property companies were the top performing 
asset over Q2:2010-Q4:2015 and, as such, enhanced portfolio performance at the high end of 
the risk-return spectrum. Having placed last in the risk-adjusted rankings, stocks did not make 
it into the asset mix at all.  
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The mean-variance test was extended to incorporate the smoothing-corrected UK-UPF data 
series in the UK mixed-asset portfolio (Panel B). With added volatility, it was observed that 
the estimated UK-UPF allocation in the domestic mixed-asset framework fell at the lower-end 
of the portfolio risk-return spectrum compared to that of the smoothed series; however, it is 
also noteworthy that UK-UPFs maintained a significant presence in optimal portfolios.  
 
Table 6.3 UK-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
89.4% 0.0% 0.0% 2.2% 8.4% 3.31% 1.26% 
4.7% 0.0% 0.0% 5.1% 90.2% 8.83% 2.72% 
0.0% 0.0% 0.4% 21.7% 77.9% 10.05% 4.17% 
0.0% 0.0% 2.5% 30.9% 66.6% 10.66% 5.63% 
0.0% 0.0% 4.3% 39.4% 56.3% 11.22% 7.08% 
0.0% 0.0% 6.1% 47.4% 46.5% 11.75% 8.54% 
0.0% 0.0% 7.9% 55.3% 36.8% 12.27% 9.99% 
0.0% 0.0% 9.6% 63.1% 27.3% 12.79% 11.45% 
0.0% 0.0% 11.3% 70.8% 17.8% 13.30% 12.90% 
0.0% 0.0% 13.0% 78.5% 8.4% 13.80% 14.36% 
0.0% 0.0% 0.0% 100.0% 0.0% 14.29% 15.82% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
90.7% 0.0% 0.0% 1.7% 7.6% 3.16% 1.25% 
33.5% 0.0% 0.6% 4.2% 61.6% 6.60% 2.71% 
0.0% 0.0% 3.6% 6.5% 89.9% 8.83% 4.16% 
0.0% 0.0% 5.9% 20.9% 73.2% 9.83% 5.62% 
0.0% 0.0% 7.6% 31.4% 61.0% 10.57% 7.08% 
0.0% 0.0% 9.2% 40.9% 49.9% 11.24% 8.53% 
0.0% 0.0% 10.7% 50.0% 39.4% 11.88% 9.99% 
0.0% 0.0% 12.1% 58.9% 29.1% 12.50% 11.45% 
0.0% 0.0% 13.5% 67.6% 18.9% 13.11% 12.90% 
0.0% 0.0% 14.9% 76.2% 8.9% 13.72% 14.36% 
0.0% 0.0% 0.0% 100.0% 0.0% 14.29% 15.82% 
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Figure 6.1 UK-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
 
 
Figure 6.2 lays out an array of mixed-asset portfolio efficient frontiers representing different 
combinations of UK asset classes. As displayed in the graph, in the three-asset portfolio 
containing either UK-UPFs, REITs or listed property companies and financial assets (bonds 
and stocks), there was a steep increase in the efficient frontier curve throughout the entire risk-
return spectrum, as compared to the baseline financial assets-only efficient frontier. 
Specifically, the three-asset portfolio of financial assets and UK-UPFs gave the highest 
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efficient frontier at every point of its risk-return spectrum. In a similar scenario of a three-asset 
portfolio containing financial assets-REITs and financial assets-listed property companies, 
longer efficient frontiers were evident, as these two listed property investment vehicles 
produced higher risk-return combinations. Whilst the smoothing-corrected UK-UPF data 
caused downshifting of the curve, it still maintained a higher efficient frontier compared to the 
other three-asset efficient frontiers. This signifies the ability of UK-UPFs to lower overall 
portfolio volatility, while at the same time enhancing the overall return performance of the 
mixed-asset framework. 
 
Figure 6.2 UK-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
The constrained efficient frontier analysis for UK-UPFs over Q2:2010-Q4:2015 is shown in 
Table 6.4 and Figure 6.3. The maximum 10% cap imposed on property asset allocation had a 
detrimental effect on overall portfolio return and risk levels, as the poorer-performing asset 
classes (i.e. bonds and stocks) were forced to fill in the gaps created by the reduced property 
exposure. This enforcement of capped allocation to property assets saw government bonds 
occupying a majority allocation at the lower end of the risk-return spectrum, with a higher 
allocation in common stocks evident in very high risk-return-optimised portfolios. 
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Within the property asset class, using either smoothed (Panel A) or de-smoothed (Panel B) 
data, the 10% cap caused UK-UPFs to be under-represented in the mixed-asset framework, as 
the optimum portfolio favoured listed property companies. Accordingly, UK-UPFs were the 
dominant class amongst property assets only at the lowest end of the portfolio allocation, while 
listed property companies dominated the entire property asset allocation, most of the time at 
the 10% cap limit. On the other hand, REITs never entered the optimum portfolio at any risk-
return level; this result is not out of the ordinary, since REITs were never a significant 
component in the unconstrained mixed-asset framework.  
 
Table 6.4 UK-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
90.0% 0.0% 0.0% 2.2% 7.8% 3.27% 1.26% 
83.0% 7.0% 0.0% 10.0% 0.0% 3.92% 2.57% 
73.0% 17.0% 0.0% 10.0% 0.0% 4.23% 3.88% 
63.6% 26.4% 0.0% 10.0% 0.0% 4.52% 5.19% 
54.4% 35.6% 0.0% 10.0% 0.0% 4.81% 6.50% 
45.2% 44.8% 0.0% 10.0% 0.0% 5.09% 7.81% 
36.2% 53.8% 0.0% 10.0% 0.0% 5.38% 9.12% 
27.1% 62.9% 0.0% 10.0% 0.0% 5.66% 10.42% 
18.0% 72.0% 0.0% 10.0% 0.0% 5.94% 11.73% 
9.0% 81.0% 0.0% 10.0% 0.0% 6.22% 13.04% 
0.0% 90.0% 0.0% 10.0% 0.0% 6.50% 14.35% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
90.7% 0.0% 0.0% 1.7% 7.6% 3.16% 1.25% 
83.1% 6.9% 0.0% 10.0% 0.0% 3.92% 2.56% 
73.1% 16.9% 0.0% 10.0% 0.0% 4.23% 3.87% 
63.7% 26.3% 0.0% 10.0% 0.0% 4.52% 5.18% 
54.4% 35.6% 0.0% 10.0% 0.0% 4.81% 6.49% 
45.3% 44.7% 0.0% 10.0% 0.0% 5.09% 7.80% 
36.2% 53.8% 0.0% 10.0% 0.0% 5.38% 9.11% 
27.1% 62.9% 0.0% 10.0% 0.0% 5.66% 10.42% 
18.1% 71.9% 0.0% 10.0% 0.0% 5.94% 11.73% 
9.0% 81.0% 0.0% 10.0% 0.0% 6.22% 13.04% 
0.0% 90.0% 0.0% 10.0% 0.0% 6.50% 14.35% 
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Figure 6.3 UK-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
 
Panel B: De-smoothed UPF series 
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6.2.3. Blended Property Portfolio Analysis 
Table 6.5 tabulates the risk-adjusted performance of various blended UK property portfolios, 
in the form of fixed and optimal-blend structures, comprising the mixture of either the 
smoothed (Panel A) or smoothing-corrected (Panel B) UK-UPF data series and REITs. 
 
As observed in Panel A, even though the 50:50 (11.47% p.a.) and 70:30 (10.42% p.a.) fixed-
blend property portfolios provided higher absolute returns compared to the 100% UK-UPF 
portfolio (8.85% p.a.), the 50:50 (8.83%) and 70:30 (5.69%) fixed-blend property portfolios 
also had markedly higher volatility than the portfolio composed of 100% UK-UPFs (2.85%). 
An optimal-blend property portfolio was then constructed to take advantage of the significant 
diversification benefits of UK-UPFs and REITs; this being the optimal-blend portfolio 
comprised 97% UK-UPFs and 3% REITs, generating total returns averaging 9.08% p.a. and, 
at the same time, recording a risk level (2.86%) close to that seen in the 100% UK-UPF 
portfolio. This resulted in the 97:3 optimal-blend property portfolio (#1) generating the greatest 
risk-adjusted returns, while all liquidity-focused fixed-blend property portfolios failed to 
improve upon the risk-adjusted performance of the 100% UK-UPF portfolio (#2). 
 
The analysis was then expanded to take into consideration the impact of valuation-smoothing 
on the construction of a UK blended property portfolio (Panel B); this determines whether it 
was still a viable property investment structure given the added volatility in the smoothing-
corrected UK-UPF series. Unsurprisingly, the increased volatility resulted in an increase in all 
blended property portfolios’ risk levels, consequently impacting the risk-adjusted return 
performance compared to the unadjusted series. Again, an optimal-blend property portfolio 
composed of 95% UK-UPFs and 5% REITs (#1) was able to improve on the risk-adjusted 
performance of a 100% UK-UPF portfolio (#2), while 70:30 (#3) and 50:50 (#4) fixed-blend 
property portfolios were ranked next, and were notably better than a portfolio with 100% REITs 
(#5). 
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Table 6.5 UK-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Sharpe 
ratio 
Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 10.42% 5.69% 1.83 1.80 3 
50% UPFs / 50% REITs 11.47% 8.83% 1.30 1.28 4 
Optimal-blend property portfolio 
97% UPFs / 3% REITs 9.08% 2.86% 3.17 3.11 1 
100% UPFs 8.85% 2.85% 3.11 3.04 2 
100% REITs 14.08% 17.19% 0.82 0.81 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 9.98% 6.26% 1.59 1.57 3 
50% UPFs / 50% REITs 11.15% 9.16% 1.22 1.20 4 
Optimal-blend property portfolio 
95% UPFs / 5% REITs 8.64% 3.90% 2.22 2.17 1 
100% UPFs 8.22% 3.87% 2.13 2.08 2 
100% REITs 14.08% 17.19% 0.82 0.81 5 
 
Table 6.6 presents the ramifications on portfolio risk and return when incorporating a 10% 
blended property exposure in a 55% stocks and 35% bonds mixed-asset framework. As seen in 
Panel A, the 10% exposure in all unadjusted blended property configurations improved annual 
returns compared to a 10% exposure in pure UK-UPFs. For instance, when a 10% exposure 
was introduced into a 50:50 blended property format, the overall portfolio return increased by 
0.3% p.a., a 6% increase compared to a pure UK-UPF approach. But the exposure to blended 
property components came at a cost of a reduced risk-return level, as the existence of a listed 
component contributed to higher portfolio risk level. This resulted in the pure UK-UPF 
approach (Sharpe ratio rank: #2) outperforming, on a risk-adjusted basis, all forms of blended 
property portfolios (Sharpe ratio rank: #3 - #5). 
 
When the smoothing bias was corrected (Panel B), every mixed-asset framework with a UK-
UPF component experienced a drop in its Sharpe ratio due to the increased risk level. 
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Interestingly, the optimally-blended property configuration then achieved higher risk-adjusted 
performance (Sharpe ratio rank: #2) in comparison to a pure UK-UPF approach (Sharpe ratio 
rank: #3), while other blended property approaches failed to improve the risk-return benefit. 
These results are consistent with the findings of two previous studies, Farrelly and Moss (2014) 
and Moss and Farrelly (2015), although both of these studies used fund-level data and only 
applied fixed-blend property portfolio structure. Overall, based on a 10% property allocation 
in a mixed-asset framework, the exposure in blended property provides liquidity, transparency 
and diversification benefits that would otherwise not be possible if the investment was made 
solely in UK-UPFs. 
 
Table 6.6 UK Blended Property Mixed-asset Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Sharpe 
ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 5.06% 8.57% 0.59 0.5700 4 
10% 50:50 Blended Property 5.17% 8.83% 0.59 0.5658 5 
10% Optimally Blended Property 4.89% 8.23% 0.59 0.5731 3 
10% UPFs 4.87% 8.19% 0.59 0.5733 2 
10% REITs 5.39% 9.51% 0.57 0.5488 6 
60% Stocks / 40% Bonds 3.77% 6.08% 0.62 0.5913 1 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 5.02% 8.58% 0.59 0.5646 4 
10% 50:50 Blended Property 5.14% 8.83% 0.58 0.5619 5 
10% Optimally Blended Property 4.85% 8.26% 0.59 0.5657 2 
10% UPFs 4.81% 8.19% 0.59 0.5652 3 
10% REITs 5.39% 9.51% 0.57 0.5488 6 
60% Stocks / 40% Bonds 3.77% 6.08% 0.62 0.5913 1 
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6.2.4. Cointegration and Causality Analyses 
Table 6.7 displays the augmented Dickey-Fuller (ADF) test on level and first differences for 
the log-transformed quarterly returns of UK-UPFs, stocks, bonds and REITs over Q1:2010-
Q4:2015. Generally, the results show that the variables were partially integrated over the full 
sample period. Specifically, only REITs were found to be stationary at a 1% significance level 
without having to resort to first differencing. Meanwhile, UK-UPFs, bonds and stocks rejected 
the null hypothesis of unit root only after being restated in first differences. Most importantly, 
none of the variables were I(2) processes, which could render the auto-regressive distributed 
lag (ARDL) model spurious.  
 
Table 6.7 ADF Unit Root Test for UK Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences 
Stationary 
t-statistic p-value t-statistic p-value 
UPFs -1.3155 0.6025 -3.5608 0.0163 I(1) 
Bonds -2.1961 0.2130 -3.5270 0.0169 I(1) 
Stocks -0.6613 0.8338 -7.4039 0.0000 I(1) 
REITs -4.1165 0.0052 -5.3341 0.0004 I(0) 
Note: H0  – non-stationary. 
 
Table 6.8 presents the outcomes of the ARDL bounds test with the model [3,1,3,3] specification 
and the lag length automatically determined using the Akaike Information Criterion (AIC) for 
UK-UPFs and UK mainstream asset classes over Q1:2010-Q4:2015. In this test, UK-UPFs 
were categorised as the dependent variable, while all UK mainstream asset classes were made 
the determinants. It is readily observable that the F-statistic value (1.53) computed from the 
ARDL test did not surpass the 24-observation critical values calculated at statistical 
significances of 1%, 5% and 10%. Hence, the null hypothesis (suggesting no long-run 
equilibrium relationship between UK-UPFs and UK mainstream asset classes) must be 
accepted at all significance thresholds. Since the cointegration tests rejected the alternative 
hypothesis, no further effort was made to find the long-run and short-run coefficients. 
 
In continuation, the direction of the causality was analysed using the conventional Granger 
causality test. Results of the two-period-lag Granger causality test over Q1:2010-Q4:2015 are 
presented in Table 6.9. For the full sample period, the analysis did not indicate any causal 
linkages when UK-UPFs were made the explanatory variable and other asset classes were 
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classified as dependent variables, as the associated probability values exceeded the 5% 
maximum threshold for rejecting the null hypothesis (of there being no causal relationship). In 
contrast, the null hypothesis was rejected when bonds were made the variable explaining the 
future movement of UK-UPFs, as the probability was below the 1% significance level. This 
implies very strong levels of causation from the returns of bond to UK-UPFs, which suggests 
that the movement in the total returns of bonds could be used as a precedent for projecting the 
movement of UK-UPF returns in the short term. This lead-lag relationship was not unexpected, 
as the movement in long-term borrowing costs would have an impact on the cost of property 
acquisition. 
 
Table 6.8 UK-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic Value Model 
Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 1.53 
ARDL 
[3,1,3,3] 
1% 3.65 4.66 
5% 2.79 3.67 
10% 2.37 3.20 
LM 0.9938 (0.4811)   
JB 0.0768 (0.9623)   
Note: H0  – no long-run cointegrating relationship. 
 
Table 6.9 UK-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
1.1571 0.7633 Accept 
← 12.3513 0.0063 Reject 
UPFs 
→ 
Stocks 
0.0600 0.9962 Accept 
← 2.0984 0.5522 Accept 
UPFs 
→ 
REITs 
1.7191 0.6327 Accept 
← 2.2466 0.5228 Accept 
Note: H0  – no causal relationship. 
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6.2.5. Summary of Findings 
The summarised results in Table 6.10 demonstrate the strong performance attributes of UK-
UPFs over Q2:2010-Q4:2015. The summary risk-adjusted performance results provided in 
Panel A show UK-UPFs outperformed all UK major asset classes on a risk-adjusted basis. 
Interestingly, this is achieved even though the average annual returns of UK-UPFs were lower 
compared to both listed property investment vehicles. In addition, UK-UPFs (r = -0.02) would 
provide investors with stronger diversification benefits with the domestic stock market 
compared to both REITs (r = 0.73) and listed property companies (r = 0.66). With a correlation 
coefficient of r = 0.20, an inter-property investment strategy between UK-UPFs and REITs is 
also feasible (Panel B). As shown in Panel C, this strong diversification benefits translate into 
UK-UPFs (average allocation = 40.0%) being heavily allocated in the optimal mixed-asset 
portfolio, with UK-UPFs dominating the conservative portfolio risk-return spectrum. In the 
blended property portfolio analysis (Panel D), results show investors could obtain higher 
absolute return performance compared to investing solely in UK-UPFs; however, only the 
optimal-blend hybrid property portfolio was assessed to be able to deliver superior risk-
adjusted performance compared to pure UK-UPFs portfolio.  
 
The summary results for cointegration and Granger causality tests are contained in Panel E. 
UK-UPFs’ excellent diversification characteristics are evident as they were found not 
cointegrated with the broader domestic investment market in the long-run investment horizon. 
Also, limited short-term association with bonds was recorded, implying that short-term 
investment portfolio could be optimally constructed comprising UK-UPFs, stocks and REITs.  
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Table 6.10 UK-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs vs 
Bonds ✓ ✕ ✓ 
Stocks ✓ ✓ ✓ 
REITs ✕ ✓ ✓ 
PCs ✕ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = -0.02 0.73 0.66 0.20 0.84 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 40.0% 11.3% 0.0% 7.1% 41.6% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✕ 
Fixed-blend 70:30 ✓ ✕ ✕ 
Optimal blend ✓ ✕ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs 
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕ ✕ 
Granger-causing ✕ ✕ ✕ 
Granger-caused by ✓ ✕ ✕ 
 
 
218 
 
6.3. PERFORMANCE OF GERMAN UNLISTED PROPERTY FUNDS  
6.3.1. Risk-adjusted Performance Analysis 
The risk-adjusted return performance of German UPFs (Ge-UPFs) and other major asset 
classes over the period Q2:2010-Q4:2015 are tabulated in Table 6.11. In terms of average 
annual returns, listed property companies posted the strongest performance (17.29% p.a.), 
exceeding REITs (12.13%), stocks (9.13% p.a.), Ge-UPFs (3.91%) and bonds (1.66% p.a.). 
While listed property companies posted the highest average annual return, they possessed a 
significantly higher risk level (20.54%) compared to Ge-UPFs (1.76%), which recorded 
markedly lower risk. With the marginal annual return performance coming at much lower risk, 
Ge-UPFs (#1) outpaced, by a wide margin, all the mainstream asset classes on a risk-adjusted 
basis (via return-to-risk ratio and Sharpe ratio). Whilst the smoothing-corrected Ge-UPF series 
(#2) was approximately twice as volatile as the smoothed series, it still performed better than 
the German mainstream asset classes on a risk-adjusted basis.  
 
Table 6.11 Ge-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average annual 
return 
Annual  
Risk 
Return/risk 
ratio 
Sharpe  
Ratio 
Rank 
UPFs      
Smoothed 3.91% 1.76% 2.23 2.15 1 
De-smoothed 4.16% 3.64% 1.14 1.11 2 
Bonds 1.66% 1.62% 1.02 0.94 3 
Stocks 9.13% 21.59% 0.42 0.42 6 
REITs 12.13% 18.73% 0.65 0.64 5 
PCs 17.29% 20.54% 0.84 0.84 4 
 
Table 6.12 shows the inter-asset correlation matrix between Ge-UPFs and other German 
mainstream asset classes over Q2:2010-Q4:2015. The most profound observation is the very 
low correlation between quarterly returns of Ge-UPFs and German conventional asset classes, 
ranging from r = 0.18 at the highest to r = -0.12 at the lowest. In the context of inter-property 
investment, the lack of co-movement between Ge-UPFs and the two listed property vehicles, 
REITs (r = -0.07) and listed property companies (r = 0.18), enhanced the ability for them to 
diversify each other, thus further highlighting the portfolio diversifying trait of Ge-UPFs.  
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Table 6.12 Ge-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.88* 1.00     
Bonds -0.12 -0.09 1.00    
Stocks -0.12 -0.16 0.08 1.00   
REITs -0.07 -0.07 0.05 0.54* 1.00  
PCs 0.18 0.13 -0.14 0.62* 0.66* 1.00 
*: significant correlation (P < 0.05) 
 
6.3.2. Mixed-asset Portfolio Analysis 
As Ge-UPFs were the best-performing asset class over the sample period, the mean-variance 
optimisation attempted to determine whether the inclusion of Ge-UPFs could enhance the 
performance attributes of the German domestic mixed-asset investment portfolio. Table 6.13 
and Figure 6.4 present the mean-variance analysis of the smoothed (Panel A) and de-smoothed 
(Panel B) results over Q2:2010-Q4:2015. 
 
Unfiltered Ge-UPFs (Panel A) were constituents at almost every risk-return band of the 
optimised portfolio, with a higher allocation evident in the low-to-mid-range, and recorded an 
average overall allocation of 42.7%. At the lowest end, the portfolio was primarily comprised 
of bonds (52.7%) and Ge-UPFs (46.7%), with negligible allocations in REITs (0.3%) and 
stocks (0.3%). At this level, the annual return of the optimised portfolio was at 2.76% p.a., 
corresponding to an annual risk of 1.12%. At the mid-point of the risk-return range (with an 
annual return and risk of 10.85% p.a. and 10.83%, respectively), the composition consisted of 
46.8% Ge-UPFs, 49.8% listed property companies and 3.4% REITs. At the highest risk-return 
level, listed property companies dominated the entire portfolio composition, and gave 17.29% 
p.a. and 20.54% in annual return and risk, respectively.  
 
With extra volatility injected into Ge-UPFs (Panel B), the estimated allocation (using the 
filtered German UPF data series) was lower, being 37.6% on average. This is unsurprising, as 
the higher level of risk associated with the filtered series means that the optimised portfolio 
will adjust its allocations according to the increased risk exposure. This is especially true at the 
low end of the risk-return spectrum, where, previously, the unadjusted Ge-UPFs featured 
prominently, but after correction for smoothing, there was additional allocation to bonds. 
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Table 6.13 Ge-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
52.7% 0.3% 0.3% 0.0% 46.7% 2.76% 1.12% 
0.0% 0.0% 3.7% 9.6% 86.8% 5.49% 3.06% 
0.0% 0.0% 3.6% 20.2% 76.2% 6.91% 5.00% 
0.0% 0.0% 3.5% 30.2% 66.2% 8.24% 6.94% 
0.0% 0.0% 3.5% 40.0% 56.5% 9.55% 8.88% 
0.0% 0.0% 3.4% 49.8% 46.8% 10.85% 10.83% 
0.0% 0.0% 3.3% 59.5% 37.2% 12.14% 12.77% 
0.0% 0.0% 3.3% 69.2% 27.5% 13.43% 14.71% 
0.0% 0.0% 3.2% 78.8% 17.9% 14.72% 16.65% 
0.0% 0.0% 3.2% 88.5% 8.4% 16.01% 18.59% 
0.0% 0.0% 0.0% 100.0% 0.0% 17.29% 20.54% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
81.4% 0.0% 0.0% 1.0% 17.6% 2.25% 1.42% 
27.1% 0.0% 4.3% 8.7% 59.8% 4.97% 3.33% 
0.0% 0.0% 6.5% 16.0% 77.5% 6.79% 5.24% 
0.0% 0.0% 5.9% 27.8% 66.3% 8.28% 7.15% 
0.0% 0.0% 5.3% 38.6% 56.1% 9.65% 9.06% 
0.0% 0.0% 4.8% 48.9% 46.3% 10.96% 10.98% 
0.0% 0.0% 4.2% 59.0% 36.7% 12.25% 12.89% 
0.0% 0.0% 3.7% 69.1% 27.2% 13.52% 14.80% 
0.0% 0.0% 3.2% 79.0% 17.8% 14.78% 16.71% 
0.0% 0.0% 2.7% 88.9% 8.5% 16.04% 18.62% 
0.0% 0.0% 0.0% 100.0% 0.0% 17.29% 20.54% 
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Figure 6.4 Ge-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
 
 
The efficient frontier of various asset-mix combinations over Q2:2010-Q4:2015 is exhibited in  
Figure 6.5, with a special focus on the added-value benefits of smoothed and de-smoothed Ge-
UPF data. It can be clearly recognised that the efficient frontier of the portfolio consisting of 
financial assets (bonds and stocks) was enhanced by the addition of each of the property 
investment vehicles. The inclusion of Ge-UPFs in the asset mix offered a more robust risk-
return level at the lower end of the efficient frontier curve, while inclusion of listed property 
companies and REITs managed to enhance the efficient frontier within the medium-to-high 
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range of the risk-return band. When the asset mix was widened to include Ge-UPFs, REITs 
and listed property companies, markedly-enhanced frontier efficiency was achieved across the 
risk-return spectrum. These results affirm the performance benefits of including property 
assets, particularly Ge-UPFs, in mixed-asset investment frameworks.  
 
Figure 6.5 Ge-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
To prevent an unrealistically high allocation to a single asset class, which could negate the 
benefits of diversification, a 10% allocation cap for property assets was imposed in the mean-
variance analysis, while allocations in bonds and stocks were not constrained. The result of this 
constrained optimisation is shown in Table 6.14 and Figure 6.6. As observed in Panel A, using 
the smoothed Ge-UPF data series, at the minimum portfolio return standard deviation of 1.44% 
and expected portfolio annual return of 2.0%, Ge-UPFs comprised 9.1%, and listed property 
companies 0.9%, while the rest of the portfolio was dominated by bonds (90%). This, however, 
changed with increasing portfolio return and risk, which caused Ge-UPFs to be dropped from 
the optimised portfolio, while listed property companies were allocated at the maximum 10%. 
The optimal portfolio was also heavily weighted towards stocks at the high end of the risk-
return spectrum, with limited exposure to property assets, while REITs did not manage to enter 
the optimised portfolio. The smoothing-corrected Ge-UPF data series (Panel B) caused 
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relatively little change in allocation; bonds featured prominently at the lowest end of the 
portfolio risk-return spectrum. 
 
Table 6.14 Ge-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
90.0% 0.0% 0.0% 0.9% 9.1% 2.00% 1.44% 
83.3% 6.7% 0.0% 10.0% 0.0% 3.72% 3.37% 
73.1% 16.9% 0.0% 10.0% 0.0% 4.48% 5.30% 
63.7% 26.3% 0.0% 10.0% 0.0% 5.19% 7.24% 
54.4% 35.6% 0.0% 10.0% 0.0% 5.88% 9.17% 
45.3% 44.7% 0.0% 10.0% 0.0% 6.57% 11.10% 
36.2% 53.8% 0.0% 10.0% 0.0% 7.25% 13.03% 
27.1% 62.9% 0.0% 10.0% 0.0% 7.92% 14.97% 
18.1% 71.9% 0.0% 10.0% 0.0% 8.60% 16.90% 
9.0% 81.0% 0.0% 10.0% 0.0% 9.28% 18.83% 
0.0% 90.0% 0.0% 10.0% 0.0% 9.95% 20.76% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
90.0% 0.0% 0.0% 1.0% 9.0% 2.04% 1.46% 
83.3% 6.7% 0.0% 10.0% 0.0% 3.72% 3.37% 
73.1% 16.9% 0.0% 10.0% 0.0% 4.48% 5.30% 
63.7% 26.3% 0.0% 10.0% 0.0% 5.19% 7.24% 
54.4% 35.6% 0.0% 10.0% 0.0% 5.88% 9.17% 
45.3% 44.7% 0.0% 10.0% 0.0% 6.57% 11.10% 
36.2% 53.8% 0.0% 10.0% 0.0% 7.25% 13.03% 
27.1% 62.9% 0.0% 10.0% 0.0% 7.92% 14.97% 
18.1% 71.9% 0.0% 10.0% 0.0% 8.60% 16.90% 
9.0% 81.0% 0.0% 10.0% 0.0% 9.28% 18.83% 
0.0% 90.0% 0.0% 10.0% 0.0% 9.95% 20.76% 
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Figure 6.6 Ge-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
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6.3.3. Blended Property Portfolio Analysis 
Given the strong diversification benefits of combining Ge-UPFs and REITs, further analysis 
was carried out to investigate the potential performance enhancements of blending unlisted and 
listed property investment vehicles. Table 6.15 highlights the potential added-value from 
creating various blended property portfolios over Q2:2010-Q4:2015 using smoothed (Panel A) 
and de-smoothed (Panel B) Ge-UPF data and REITs. The unadjusted optimal-blend property 
portfolio (Panel A) was constructed to deliver the highest risk-adjusted returns; this portfolio 
was composed of 96% Ge-UPFs and 4% REITs, and had a Sharpe ratio of 2.32 (#1), 
outperforming a 100% Ge-UPF portfolio (#2). The 70:30 (#3) and 50:50 (#4) fixed-blend 
portfolios delivered higher absolute returns, but the risk-adjusted performance was offset by 
increased risk exposure. Nonetheless, both of these fixed-blend property portfolios delivered 
higher risk-adjusted performance than a portfolio of 100% REITs (#5).  
 
The construction of adjusted German blended property portfolios avoids potential 
underestimation of risk in the Ge-UPF data, and gives a more realistic indication of how a 
blended property structure would perform on a risk-adjusted basis. Use of smoothing-corrected 
Ge-UPF data resulted in a small difference in risk-adjusted return performance in the fixed-
blend property portfolios. The 70:30 fixed-blend property portfolio experienced a 3.11% 
decline in the Sharpe ratio (1.12 versus 1.15), and in contrast, the 50:50 fixed-blend property 
portfolio recorded a 1% improvement in Sharpe ratio (0.89 versus 0.88). On the other hand, 
the adjusted optimal-blend property portfolio, comprised of 88% Ge-UPFs and 12% REITs, 
was severely affected by the induced volatility, delivering a Sharpe ratio of 1.36. This being a 
full 70% reduction compared to the unadjusted portfolio structure. Accordingly, the optimal-
blend (#1) and 70:30 (#2) fixed-blend property portfolios had higher Sharpe ratios compared 
to the portfolio of 100% Ge-UPFs, using the adjusted data (#3). 
 
Taken together, it should be noted that the German fixed-blend property portfolios, with their 
higher allocations to REITs, have other benefits not measured in this analysis. Namely, they 
have lower transaction costs, divisibility of investment and, most importantly, liquidity, which 
might appeal to institutional investors seeking investment attributes other than risk-adjusted 
performance alone.  
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Table 6.15 Ge-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return / 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 6.67% 5.66% 1.18 1.15 3 
50% UPFs / 50% REITs 8.37% 9.34% 0.90 0.88 4 
Optimal-blend property portfolio 
96% UPFs / 4% REITs 4.25% 1.77% 2.40 2.32 1 
100% UPFs 3.91% 1.76% 2.23 2.15 2 
100% REITs 12.13% 18.73% 0.65 0.64 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 6.86% 6.00% 1.14 1.12 2 
50% UPFs / 50% REITs 8.52% 9.41% 0.90 0.89 4 
Optimal-blend property portfolio 
88% UPFs / 12% REITs 5.18% 3.71% 1.40 1.36 1 
100% UPFs 4.16% 3.64% 1.14 1.11 3 
100% REITs 12.13% 18.73% 0.65 0.64 5 
 
Table 6.16 demonstrates the risk-adjusted returns of various mixed-asset portfolios, with 
special focus on exposure in blended property. The performance impact on an unadjusted 
blended portfolio of the addition of 10% listed and unlisted property (Panel A) in a mixed-asset 
framework was clear and significant. In terms of annualised returns, the portfolios containing 
50:50 (6.44%), 70:30 (6.27%) and optimally-blended (6.03%) property configurations 
exhibited higher returns than the portfolio containing 100% Ge-UPFs (6.00%). It was also 
observed that the return improvement was gained without excessive exposure to volatility, 
which only increased risk by an average of 3%. This resulted in improved Sharpe ratio risk-
adjusted performance, resulting in the mixed-asset framework comprising 50:50 (#3), 70:30 
(#4) and optimally-blended property portfolios (#5) surpassing the portfolio with 100% Ge-
UPFs (#6). 
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The utilisation of adjusted blended property components (Panel B) did not cause much change 
in the mixed-asset portfolios’ risk-adjusted performances, as the allocation of blended property 
components was capped at 10%. On a risk-adjusted basis, exposure in all forms of blended 
property gave higher risk-adjusted returns compared to pure Ge-UPF portfolios. It is also worth 
mentioning that, whether using the unadjusted or adjusted data, the inclusion of a 10% blended 
property component did not benefit portfolios’ risk-return profiles, as both types 
underperformed portfolios with 10% REIT exposure, as well as baseline bonds and stocks. 
 
Table 6.16 Ge-UPF Blended Property Mixed-asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return / 
risk ratio 
Sharpe 
ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 6.27% 12.23% 0.51 0.5020 4 
10% 50:50 Blended Property 6.44% 12.46% 0.52 0.5067 3 
10% Optimally Blended Property 6.03% 11.95% 0.50 0.4937 5 
10% UPFs 6.00% 11.91% 0.50 0.4923 6 
10% REITs 6.82% 13.05% 0.52 0.5126 2 
60% Stocks / 40% Bonds 4.65% 8.77% 0.53 0.5154 1 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 6.29% 12.28% 0.51 0.5017 4 
10% 50:50 Blended Property 6.46% 12.51% 0.52 0.5057 3 
10% Optimally Blended Property 6.13% 12.08% 0.51 0.4967 5 
10% UPFs 6.02% 11.95% 0.50 0.4929 6 
10% REITs 6.82% 13.05% 0.52 0.5126 2 
60% Stocks / 40% Bonds 4.65% 8.77% 0.53 0.5154 1 
 
 
 
 
228 
 
6.3.4. Cointegration and Causality Analyses 
Table 6.17 displays the ADF unit root test on level and first differences for the log-transformed 
quarterly returns of Ge-UPFs, bonds, stocks and REITs over Q1:2010-Q4:2015. In level forms, 
the ADF results for bonds and REITs both resulted in rejection of the null hypothesis of unit 
root, while stocks and Ge-UPFs were found to be non-stationary. However, stationarity in 
UPFs and stocks was achieved after they were subjected to the first-differencing procedure. 
While pre-testing of the variables for order of integration is not required for the ARDL bound 
test, it is done as a precaution to ensure that none of the variables are stationary at processes 
higher than I(1), and the results have hereby affirmed that. 
 
Table 6.17 ADF Unit Root Test for German Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -0.7247 0.9556 -9.1666 0.0000 I(1) 
Bonds -4.9385 0.0036 -4.6061 0.0087 I(0) 
Stocks -2.5358 0.3094 -4.1828 0.0177 I(1) 
REITs -5.6033 0.0008 -6.1045 0.0004 I(0) 
Note: H0  – non-stationary. 
 
The outcomes of the ARDL bound test with model [1,0,0,1] specification for Ge-UPFs and 
German mainstream asset classes over Q1:2010-Q4:2015 are presented in Table 6.18. The F-
statistic value of 4.49 (computed from the ARDL test) was higher than the upper-bound critical 
values of 3.67 and 3.20 calculated at statistical significances of 5% and 10%, respectively. 
Noteworthily, if the 1% significance level is to be adopted, the model cannot conclusively 
determine the existence of a cointegrating relationship, as the calculated F-statistic falls 
between the lower- and upper-band critical values. Nonetheless, at both the 5% and 10% 
significance levels, the alternative hypothesis (affirming the existence of long-run unison 
between GE-UPFs and the determinants) must be accepted. Therefore, the construction of the 
long-run equilibrium model and short-run error correction estimate to gauge the degree of 
cointegration and the speed at which any divergence will be corrected in the model is 
warranted. 
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Table 6.18 Ge-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 4.49 
ARDL 
[1,0,0,1] 
1% 3.65 4.66 
5% 2.79 3.67 
10% 2.37 3.20 
LM 2.1758 (0.1459)   
JB 1.2177 (0.5440)   
Note: H0  – no long-run cointegrating relationship. 
 
Since the ARDL cointegration test positively identified the existence of a long-term association 
between Ge-UPFs and at least one of the independent variables, long-run equilibrium and 
short-term error correction estimates were constructed. Results of this cointegrating 
relationship are summarised in Panel A of Table 6.19. 
 
The estimated long-run coefficients for Ge-UPF returns and its determinants were positive, 
indicating that an improvement in general domestic market performance is instrumental in 
providing feedback to uplift Ge-UPF returns. Overall, an increase of 1% in the total return 
performance of bonds, stocks and REITs will result in a 0.33% increase in the total return 
performance of Ge-UPFs. Be that as it may, the impact of the determinants on GE-UPFs in the 
long-run may not be as dramatic if the statistical significance is considered; only the coefficient 
of REITs was found to be significant. Effectively, Ge-UPFs could appreciate as much as 0.19% 
in the event that REIT performance increases by 1%.  
 
The coefficients of the error correction estimate are shown in Panel B. The one-lagged error-
correction term (ECT t-1 ) coefficient has an expected negative sign (-0.6083) and is statistically 
significant at the 1% level, further substantiating the stability of the cointegration model. Stocks 
were not significant in amending any disequilibrium in the short-term window. This role in 
making sure that any deviation of Ge-UPFs from the symmetric model will be corrected was 
solely vested in the one-lagged REIT and two-lagged bond components. It is also evident that 
there was a moderate level of correction to equilibrium (a rate of 61% per quarter); hence, it 
will take at least 1.64 (1/0.61) quarters for the Ge-UPF returns to converge to the long-run 
equilibrium state. 
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Table 6.19 Ge-UPF ARDL Results: Q1:2010-Q4:2015 
Panel A: Long-run cointegration equation 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Stocks 0.0266 0.7569 0.4666 
Bonds 0.1187 0.8231 0.4296 
REITs 0.1866 3.2386 0.0089 
Panel B: Error correction estimates 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Bonds -0.3006 -0.4874 0.6365 
Bonds t-1 -0.2703 -0.3949 0.7012 
Bonds t-2 -1.2957 -2.1371 0.0583 
Stocks 0.0220 1.3423 0.2092 
REITs 0.0041 0.2082 0.8392 
REITs  t-1 -0.0906 -2.7032 0.0222 
ECT t-1 -0.6083 -3.7824 0.0036 
 
A Granger causality test with a two-lagged period structure was carried out, as the existence of 
a long-run cointegrating relationship represents a strong probability of a lead-lag relationship 
between Ge-UPFs and some of the conventional German asset classes. Results of the Granger 
causality test over Q1:2010-Q4:2015 are contained in Table 6.20. The results further confirm 
a strong association between Ge-UPFs and REITs, as observed in the previous cointegration 
test. Only REITs were found to Granger-cause Ge-UPFs. This uni-directional causation was 
also found to be very strong, indicating that Ge-UPF returns do, in fact, react to information 
transmitted from the publicly-traded property market. Hence, it can be concluded that REIT 
returns lead Ge-UPF returns by two quarters. In the meantime, Ge-UPFs were not found to be 
Granger-causing either bonds, stocks or REITs over the full sample period. 
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Table 6.20 Ge-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
0.4313 0.8060 Accept 
← 0.6751 0.7135 Accept 
UPFs 
→ 
Stocks 
3.1820 0.2037 Accept 
← 2.1679 0.3383 Accept 
UPFs 
→ 
REITs 
2.0945 0.3509 Accept 
← 19.9014 0.0000 Reject 
Note: H0  – no causal relationship. 
 
6.3.5. Summary of Findings 
Panel A of Table 6.21 shows Ge-UPFs, whilst having lower average annual return 
performance, outperformed every single asset class on a risk-adjusted basis over Q2:2010-
Q4:2015. The positive performance extends in the form of diversification benefits as Ge-UPFs 
are observed to possess weak linear relationship with both domestic stocks (r = -0.16) and 
REITs (r = -0.07) (Panel B). This suggests Ge-UPFs could offer investor with excellent 
diversification benefits not available in German listed property investment vehicles. As shown 
in Panel C, the optimal mixed-asset portfolio is composed of 37.6% average allocation into Ge-
UPFs, indicating a significant role of Ge-UPFs in the domestic mixed-asset portfolio. Investors 
are also offered enhanced risk-adjusted performance for their property portfolio by way of the 
hybrid property portfolio (Panel D). The blended property analysis results show that investors 
could enhance their property portfolio’s return and risk performance envelopes, either through 
70:30 fixed-blend or optimal blend property  
 
Panel E summarises the long- and short-term linkages between Ge-UPFs and the domestic 
German asset classes. As observed, the results support the distinctiveness of Ge-UPFs from the 
perspective of domestic investment. Over 2010-2015, Ge-UPFs were only found to have 
limited long-run association with the German REIT market. This implies that Ge-UPF investors 
could achieve enhanced long-term diversification benefits by having Ge-UPFs, bonds and 
stocks in a diversified investment portfolio. Similarly, in a short-term investment horizon, Ge-
UPFs were not influenced by the broad investment trend, as the Granger causality test 
suggested Ge-UPFs were only receptive to the temporal information emanating from REITs. 
This suggests investors are better-off by avoiding inter-property investment strategy from a 
short-term investment point of view.   
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Table 6.21 Ge-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs vs 
Bonds ✓ ✕ ✓ 
Stocks ✕ ✓ ✓ 
REITs ✕ ✓ ✓ 
PCs ✕ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = -0.16 0.54 0.62 -0.07 0.66 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 37.6% 9.9% 0.0% 3.7% 48.8% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✕ 
Fixed-blend 70:30 ✓ ✕ ✓ 
Optimal blend ✓ ✕ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs 
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕ ✓ 
Granger-causing ✕ ✕ ✕ 
Granger-caused by ✕ ✕ ✓ 
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6.4. PERFORMANCE OF FINNISH UNLISTED PROPERTY FUNDS  
6.4.1. Risk-adjusted Performance Analysis 
Table 6.22 presents the risk-adjusted performance analysis over Q2:2010-Q4:2015 for Finnish 
UPFs (Fi-UPFs) and other Finnish mainstream asset classes. Fi-UPFs achieved an average 
annual return of 6.61% p.a. over this period, which was higher than that of bonds (1.92% p.a.), 
but was exceeded by stocks (8.29% p.a.) and listed property companies (7.56% p.a.). The higher 
annual returns of listed property companies and stocks came with the cost of higher volatility, 
which was 27.30% and 24.65%, respectively. The Fi-UPFs’ annual volatility (2.92%) was 
lower than that of stocks and listed property companies, resulting in Fi-UPFs (#1) delivering 
the most competitive risk-adjusted returns, as measured by the return-to-risk ratio and Sharpe 
ratio. The next-closest performing asset class on a risk-adjusted basis was bonds (#3). Having 
removed the smoothing bias in the Fi-UPF data series, the risk level increased by a factor of 
1.97. It is noteworthy, however, that the filtered Fi-UPFs (#2), even with the increased 
volatility, still commanded superior risk-adjusted performance against other Finnish 
mainstream asset classes. 
 
Table 6.22 Fi-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average annual 
return 
Annual risk Return/risk 
ratio 
Sharpe ratio Rank 
UPFs      
Smoothed 6.61% 2.92% 2.26 2.08 1 
De-smoothed 6.87% 5.77% 1.19 1.10 2 
Bonds 1.92% 1.70% 1.13 0.82 3 
Stocks 8.29% 24.65% 0.34 0.31 4 
PCs 7.56% 27.30% 0.28 0.26 5 
 
Table 6.23 displays the inter-asset correlation matrix of Finnish mainstream asset classes from 
Q2:2010 to Q4:2015, with a special focus on Fi-UPFs. The historical quarterly returns of Fi-
UPFs exhibited marginal to low correlation coefficients with other asset classes (r = 0.07-
0.28). In addition, Fi-UPFs also offered significantly more diversification benefits with stocks 
(r = 0.07) than listed property companies with stocks (r = 0.78). The corrected Fi-UPF data 
series improved the diversification benefits further, with the correlation coefficients being close 
to zero with all three Finnish mainstream asset classes. Therefore, investors can expect a 
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reduction in portfolio volatility by including an Fi-UPF allocation to a portfolio of bonds, 
stocks and listed property companies. This result proves the significant added-value of Fi-UPFs 
in a mixed-asset framework.  
 
Table 6.23 Fi-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks PCs 
UPFs 1.00     
Ds-UPFs 0.87* 1.00    
Bonds 0.28 0.09 1.00   
Stocks 0.07 0.03 0.00 1.00  
PCs 0.16 0.01 0.14 0.78* 1.00 
*: significant correlation (P < 0.05) 
 
6.4.2. Mixed-asset Portfolio Analysis 
An unconstrained Markowitz mean-variance portfolio optimisation was performed to measure 
the portfolio risk-return enhancement of having Fi-UPFs in a mixed-asset framework (Table 
6.24 and Figure 6.7). As seen in Panel A, the four-asset optimised portfolio was dominated 
mainly by stocks and Fi-UPFs, with Fi-UPFs being a significant component of portfolios at the 
conservative and moderate risk-return levels, before being overtaken by stocks at the higher 
end of the spectrum. The mean-variance optimisation suggested an overweighted allocation in 
governments bonds for the most risk-averse investors. In contrast, the poor risk-adjusted 
performance of listed property companies has consequently caused this asset to be excluded 
entirely from the optimised portfolio.  
 
The higher volatility of the filtered Fi-UPF returns (Panel B) caused a small migration from Fi-
UPFs to bonds in conservative optimised portfolio allocations. This resulted in a small 
reduction in the average allocation for the de-smoothed Fi-UPFs, at 38.8%, versus the 
smoothed series at 40.8%. Nonetheless, Fi-UPFs continued to maintain a significant presence 
throughout the portfolio risk-return spectrum. Overall, these results not only affirm the added-
value contribution of Fi-UPFs, they also highlight Fi-UPFs as being a more viable alternative 
to bonds and listed property companies for institutional investors who are not only seeking 
exposure in property but are also looking for a less volatile asset class and are good portfolio 
diversifiers. 
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Table 6.24 Fi-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks PCs UPFs Portfolio return 
Portfolio  
risk 
82.4% 0.3% 0.0% 17.2% 2.75% 1.62% 
0.0% 11.3% 0.0% 88.7% 6.80% 3.93% 
0.0% 22.9% 0.0% 77.1% 6.99% 6.23% 
0.0% 33.2% 0.0% 66.8% 7.17% 8.53% 
0.0% 43.0% 0.0% 57.0% 7.33% 10.83% 
0.0% 52.6% 0.0% 47.4% 7.49% 13.14% 
0.0% 62.2% 0.0% 37.8% 7.65% 15.44% 
0.0% 71.7% 0.0% 28.3% 7.81% 17.74% 
0.0% 81.1% 0.0% 18.9% 7.97% 20.05% 
0.0% 90.6% 0.0% 9.4% 8.13% 22.35% 
0.0% 100.0% 0.0% 0.0% 8.29% 24.65% 
Panel B: De-smoothed UPF series 
Bonds Stocks PCs UPFs Portfolio return 
Portfolio  
risk 
93.7% 0.4% 0.0% 5.9% 2.24% 1.66% 
31.4% 3.9% 0.2% 64.5% 5.37% 3.96% 
0.0% 15.3% 0.0% 84.7% 7.08% 6.26% 
0.0% 30.1% 0.0% 69.9% 7.30% 8.56% 
0.0% 41.4% 0.0% 58.6% 7.46% 10.86% 
0.0% 51.8% 0.0% 48.2% 7.60% 13.16% 
0.0% 61.8% 0.0% 38.2% 7.75% 15.46% 
0.0% 71.5% 0.0% 28.5% 7.88% 17.76% 
0.0% 81.1% 0.0% 18.9% 8.02% 20.05% 
0.0% 90.6% 0.0% 9.4% 8.15% 22.35% 
0.0% 100.0% 0.0% 0.0% 8.29% 24.65% 
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Figure 6.7 Fi-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
 
 
Figure 6.8 illustrates four efficient frontiers for various portfolio combinations of Finnish 
mainstream asset classes over Q2:2010-Q4:2015. Whether their data was smoothed or de-
smoothed, Fi-UPFs made significant enhancements to the performance of mixed-asset 
portfolios. This is evident in the significant upshifting of the efficient frontier for the asset-mix 
comprising financial assets (bonds and stocks) and Fi-UPFs, compared to the financial assets-
only portfolio. An efficient frontier containing all the asset classes overlaps the one for the 
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existing mixture of financial assets and Fi-UPFs, suggesting that the latter had achieved the 
maximum efficiency, and the addition of listed property companies did not bring any 
performance enhancement. Similar behaviour was also seen in the overlapping curves of 
portfolios composed of financial assets-only, and financial assets-listed property companies. 
 
Figure 6.8 Fi-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
Table 6.25 and Figure 6.9 extends the previous mean-variance optimisation by imposing a 10% 
cap on total property asset allocation, which represents the actual property asset allocation in 
institutional investor portfolios. As expected, restraining the total property assets led to a 
noticeable reduction in portfolio performance across the whole risk-return spectrum. Bonds 
played a significant role as a low-risk asset in portfolios with limited exposure to Fi-UPFs, 
while common stocks dominated the portfolio at the optimistic end of the risk-return spectrum. 
Within the property asset class, both the smoothed (Panel A) and de-smoothed (Panel B) Fi-
UPF data indicated that Fi-UPFs maintained their dominance. They were present across the 
risk-return spectrum except at the highest level, and mostly at the 10% limit. Listed property 
companies were not able to obtain any allocation in the constrained portfolio. 
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Table 6.25 Fi-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks PCs UPFs Portfolio return 
Portfolio  
risk 
89.6% 0.4% 0.0% 10.0% 2.42% 1.64% 
75.1% 14.9% 0.0% 10.0% 3.34% 3.94% 
65.2% 24.8% 0.0% 10.0% 3.97% 6.24% 
55.7% 34.3% 0.0% 10.0% 4.58% 8.54% 
46.2% 43.8% 0.0% 10.0% 5.18% 10.84% 
36.8% 53.2% 0.0% 10.0% 5.78% 13.14% 
27.5% 62.5% 0.0% 10.0% 6.37% 15.45% 
18.1% 71.9% 0.0% 10.0% 6.97% 17.75% 
8.8% 81.2% 0.0% 10.0% 7.56% 20.05% 
0.0% 90.6% 0.0% 9.4% 8.13% 22.35% 
0.0% 100.0% 0.0% 0.0% 8.29% 24.65% 
Panel B: De-smoothed UPF series 
Bonds Stocks PCs UPFs Portfolio return 
Portfolio  
risk 
93.7% 0.4% 0.0% 5.9% 2.24% 1.66% 
75.1% 14.9% 0.0% 10.0% 3.37% 3.96% 
65.2% 24.8% 0.0% 10.0% 4.00% 6.26% 
55.6% 34.4% 0.0% 10.0% 4.60% 8.56% 
46.2% 43.8% 0.0% 10.0% 5.21% 10.86% 
36.8% 53.2% 0.0% 10.0% 5.80% 13.16% 
27.4% 62.6% 0.0% 10.0% 6.40% 15.46% 
18.1% 71.9% 0.0% 10.0% 6.99% 17.76% 
8.8% 81.2% 0.0% 10.0% 7.59% 20.05% 
0.0% 90.6% 0.0% 9.4% 8.15% 22.35% 
0.0% 100.0% 0.0% 0.0% 8.29% 24.65% 
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Figure 6.9 Fi-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
 
 
 
 
 
 
 
 
 
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
2% 4% 6% 9% 11% 13% 15% 18% 20% 22% 25%
A
llo
ca
tio
n
Risk
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
2% 4% 6% 9% 11% 13% 15% 18% 20% 22% 25%
A
llo
ca
tio
n
Risk
Bonds Stocks PCs UPFs
UPFs
 
UPFs
 
240 
 
6.4.3. Blended Property Portfolio Performance Analysis 
With Fi-UPFs being the only property investment vehicle included in the previous mixed-asset 
portfolio, one wonders whether such a mix would appeal to all institutional investors. 
Especially with their increasing preferences for high asset liquidity and transparency, 
characteristics not usually associated with UPFs. To overcome this issue, various blended 
property portfolios, using both fixed-blend and optimal-blend property allocation and 
incorporating both Fi-UPFs and listed property companies, were created for the period 
Q2:2010-Q4:2015. The significance of this analysis is presented in Table 6.26.  
 
By combining unadjusted Fi-UPFs and listed property companies (Panel A), the 70:30 (7.65% 
p.a.) and 50:50 (7.99% p.a.) fixed-blend property portfolios provided annual return 
performance greater than that of the 100% Fi-UPF portfolio (6.61%). Additionally, the 70:30 
(8.75%) and 50:50 (13.96%) fixed-blend property portfolios had lower risk than the 100% 
listed property company portfolio (27.30%). On a risk-adjusted basis, both blended property 
portfolios outperformed the 100% listed property portfolio, but underperformed the 100% Fi-
UPF portfolio. Optimally blending these property assets, however, was not possible, as it was 
impossible to use the diversification benefits of Fi-UPFs and listed property companies to 
improve the risk-adjusted performance.  
 
Using the smoothing-adjusted Fi-UPF data (Panel B), the total return-focused optimally-
blended portfolio (#1), comprised of 95% Fi-UPFs and 5% listed property companies, gave the 
highest risk-adjusted performance, but also the lowest level of liquidity. With the 100% Fi-
UPF portfolio (#2) used as a benchmark, the liquidity-focused 70:30 (#3) and 50:50 (#4) fixed-
blend portfolios enhanced returns and provided improved liquidity, at (unsurprisingly) higher 
volatility. The impact on the risk-adjusted returns of both these blended property structures was 
minimal. Overall, these results confirm the viability of using a blended-property portfolio to 
obtain the advantages of investing in Finnish listed and unlisted property assets within a single 
portfolio. Such benefits would be absent if the investments were made separately.  
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Table 6.26 Fi-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 Average 
annual 
return 
Annual 
risk 
Return / 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% PCs 7.65% 8.75% 0.87 0.87 3 
50% UPFs / 50% PCs 7.99% 13.96% 0.57 0.57 4 
Optimal-blend property portfolio 
Not available 
100% UPFs 6.61% 2.92% 2.26 2.26 2 
100% PCs 7.56% 27.30% 0.28 0.26 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% PCs 7.89% 9.15% 0.86 0.86 3 
50% UPFs / 50% PCs 8.19% 13.97% 0.59 0.59 4 
Optimal-blend property portfolio 
95% UPFs / 5% PCs 7.14% 5.69% 1.26 1.26 1 
100% UPFs 6.87% 5.77% 1.19 1.19 2 
100% PCs 7.56% 27.30% 0.28 0.28 5 
 
Table 6.27 highlights the impact of adding a 10% blended property component to a mixed-
asset framework to enhance liquidity and improve risk-adjusted performance compared to 
investing solely in Fi-UPFs or listed property companies. The impact of using the unadjusted 
(Panel A) and adjusted (Panel B) blended property portfolios in the mixed-asset framework is 
also highlighted. As evident from Panel A, mixed-asset portfolios with the 50:50 (6.03%% 
p.a.) and 70:30 (6.00% p.a.) blended property exposures gained higher absolute returns 
compared to the mixed-asset framework with pure Fi-UPFs (5.89% p.a.) or pure REITs (5.99% 
p.a.). Unexpectedly, the enhanced liquidity brought by both the 50:50 (14.68%) and 70:30 
(14.24%) blended property components resulted in elevated portfolio risk compared to the pure 
Fi-UPF approach (13.60%), but nonetheless their risk level was identifiably lower than the 
portfolio with pure listed property company exposure (15.81%). The risk-adjusted 
performances of the mixed-asset frameworks with 50:50 (Sharpe ratio = 0.4108) and 70:30 
(Sharpe ratio = 0.4211) blended property mixes were no better than that of the pure Fi-UPF 
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approach (Sharpe ratio = 0.4334). It is also noteworthy that, on a risk-adjusted basis, all 
portfolios with blended property components outperformed those exposed to listed property 
companies (Sharpe ratio = 0.3788). As tabulated in Panel B, the added volatility associated 
with the blended property portfolio based on smoothing-adjusted data caused a slight decrease 
in the overall risk-adjusted performance of the mixed-asset framework. The mixed-asset 
framework with optimally-configured property exposure (Sharpe ratio = 0.4328), which was 
not available in the one based on unadjusted data, gave comparable risk-adjusted performance 
to the pure Fi-UPF approach (Sharpe ratio = 0.4352). However, it has the additional benefits 
of enhanced liquidity, diversification and transparency. 
 
Table 6.27 Fi-UPF Blended Property Mixed-Asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return / 
risk ratio 
Sharpe 
ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 6.00% 14.24% 0.42 0.4211 3 
10% 50:50 Blended Property 6.03% 14.68% 0.41 0.4108 4 
10% Optimally Blended Property Not available 
10% UPFs 5.89% 13.60% 0.43 0.4334 2 
10% PCs 5.99% 15.81% 0.38 0.3788 5 
60% Stocks / 40% Bonds 4.47% 9.91% 0.45 0.4511 1 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 6.02% 14.24% 0.42 0.4228 4 
10% 50:50 Blended Property 6.05% 14.68% 0.41 0.4122 5 
10% Optimally Blended Property 5.95% 13.74% 0.43 0.4328 3 
10% UPFs 5.92% 13.60% 0.44 0.4352 2 
10% PCs 5.99% 15.81% 0.38 0.3788 6 
60% Stocks / 40% Bonds 4.47% 9.91% 0.45 0.4511 1 
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6.4.4. Cointegration and Causality Analyses 
Results of the ADF test on level and first differences for Fi-UPFs, stocks, bonds and REITs 
over Q1:2010-Q4:2015 are displayed in Table 6.28. Except for bonds, the t-statistics for all 
variables at level were statistically significant, thus the alternative hypothesis (of no unit root) 
is accepted. When all variables were stated in first differences, the results uniformly and 
strongly rejected the null hypothesis (of unit root). Therefore, it can be concluded that all 
variables were stationary in first differences.  
 
Table 6.28 ADF Unit Root Test for Finnish Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -3.5754 0.0148 -4.7213 0.0013 I(0) 
Bonds -1.0832 0.7034 -3.3417 0.0251 I(1) 
Stocks -5.4498 0.0002 -6.5782 0.0000 I(0) 
PCs -6.7911 0.0000 -7.2349 0.0000 I(0) 
Note: H0  – non-stationary. 
 
The calculated F-statistic from the ARDL bound test, with model [4,4,2,2] specification, for 
Fi-UPFs and Finnish mainstream asset classes over Q1:2010-Q4:2015, is presented in Table 
6.29. The F-statistic of 1.64 computed from the ARDL test was lower than the lower-band 
critical values of 3.42, 2.45 and 2.01 determined at 1%, 5% and 10% thresholds, respectively. 
This indicates that the null hypothesis of no cointegration cannot be rejected, and it can be 
concluded that there was no long-run equilibrium between Fi-UPF and its determinants 
(Finnish bonds, stocks and listed property companies). Since the cointegration tests rejected 
the alternative hypothesis, no further effort was made to find the long-run and short-run 
coefficient estimates. 
 
While the previous results presented no sufficient evidence of cointegration between Fi-UPFs 
(as the dependent variable) and Finnish financial asset classes (as the explanatory variables), 
this does not mean that these assets do not inter-communicate in the short-run. To test this 
hypothesis, bivariate Granger causality tests were carried out using samples from Q1:2010-
Q4:2015, with the results contained in Table 6.30. Evidently, the results corroborate the null 
hypothesis of Granger non-causality from Finnish financial assets to Fi-UPFs. Similarly, a 
causal path from Fi-UPFs to Finnish mainstream asset classes was absent, as none of the F-
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statistic values were statistically significant at the required 5% threshold. Taken together, these 
results emphasise on the distinct characteristics of Fi-UPFs as an asset class. Any systematic 
shock emanating from Finnish financial assets would not affect Fi-UPFs in the short-term, and 
vice versa. 
 
Table 6.29 Fi-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 1.64 
ARDL 
[4,4,2,2] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
Serial correlation 0.8251 (0.6673)   
Normality 0.4409 (0.9797)   
Note: H0  – no long-run cointegrating relationship. 
 
Table 6.30 Fi-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
1.9988 0.1588 Accept 
← 1.2728 0.3339 Accept 
UPFs 
→ 
Stocks 
2.4848 0.0996 Accept 
← 0.2103 0.9277 Accept 
UPFs 
→ 
PCs 
0.9646 0.0645 Accept 
← 0.4068 0.8004 Accept 
Note: H0  – no causal relationship. 
 
6.4.5. Summary of Findings 
Table 6.31 presents the summary of the empirical results for Fi-UPFs over Q2:2010-Q4:2015. 
As shown in Panel A, the average annual returns of Fi-UPFs were lower compared to stocks 
and listed property companies. However, Fi-UPFs possessed a lower risk level compared to 
both of these assets, resulting in Fi-UPFs delivering higher risk-adjusted performance 
compared to all major asset classes. In addition to this, Fi-UPFs could play a vital role in the 
domestic mixed-asset portfolio due to higher correlation efficiency with the Finnish investment 
asset classes (Panel B). The strong role of Fi-UPFs is confirmed in the mean-variance analysis 
(Panel C), where Fi-UPFs accounted a significant proportion of the allocation in the optimal 
mixed-asset portfolio. Panel D summarises the Fi-UPF blended property portfolio performance 
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analysis. Here, both fixed-blend property portfolio structures failed to improve upon the risk-
adjusted performance compared to investing solely in Fi-UPFs. However, higher risk-adjusted 
returns could be gained if investors opted to optimally blend Fi-UPFs and listed property 
companies as a hybrid property portfolio.  
 
Panel E contains the summary of the cointegration and causality analysis for Fi-UPFs. The 
results suggest that Fi-UPFs offer excellent diversification benefits in both long- and short-
term investment horizons. The cointegration test result suggests that Fi-UPFs did move 
together with the domestic investment market. Similarly, the Granger causality test affirms the 
short-term diversification potential for investors to create a fully diversified portfolio 
comprising Fi-UPFs and the major asset classes. 
 
Table 6.31 Fi-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs vs 
Bonds ✓ ✕ ✓ 
Stocks ✕ ✓ ✓ 
REITs - - - 
PCs ✕ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = 0.03 - 0.78 0.01* - 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 38.8% 11.4% 49.8% - 0.0% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✕ 
Fixed-blend 70:30 ✓ ✕ ✕ 
Optimal blend ✓ ✕ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs 
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕ ✕ 
Granger-causing ✕ ✕  ✕ 
Granger-caused by ✕ ✕ ✕ 
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6.5. PERFORMANCE OF FRENCH UNLISTED PROPERTY FUNDS  
6.5.1. Risk-adjusted Performance Analysis 
The risk-adjusted performance of both smoothed and de-smoothed Fr-UPF returns over 
Q2:2010 to Q4:2015 is shown in Table 6.32. In terms of average annual returns, both REITs 
(11.36% p.a.) and listed property companies (12.54% p.a.) figured prominently in this 
performance analysis, while Fr-UPFs (5.03% p.a.) delivered annual returns approximately 
halfway between those of bonds (2.22% p.a.) and stocks (6.88% p.a.). The lower return of Fr-
UPFs, however, was offset by their substantially lower risk levels (3.84%) than those of REITs 
(22.29%) and listed property companies (18.24%). This resulted in Fr-UPFs being the best-
performing asset-class on a risk-adjusted basis over this six-year period. When the smoothing 
filter was applied, Fr-UPF returns had a standard deviation of 9.36%, which translates to an 
adjustment factor 2.44 times that of the smoothed series, giving Fr-UPFs a more realistic risk-
return trade-off and putting them on par with REITs on a risk-adjusted basis. 
 
Table 6.32 Fr-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average annual 
return 
Annual risk Return/risk 
ratio 
Sharpe ratio Rank 
UPFs      
Smoothed 5.03% 3.84% 1.31 1.28 1 
De-smoothed 4.78% 9.36% 0.51 0.50 4 
Bonds 2.22% 1.80% 1.24 1.17 2 
Stocks 6.88% 18.34% 0.37 0.37 6 
REITs 11.36% 22.29% 0.51 0.50 5 
PCs 12.54% 18.24% 0.69 0.68 3 
 
Table 6.33 tabulates the inter-asset correlation matrix for Fr-UPFs over Q2:2010-Q4:2015. 
Overall, Fr-UPFs provided a more effective diversification strategy (average r = 0.29, range = 
0.05-0.43;) than listed property companies (average r = 0.42, range = -0.05-0.76;) or REITs 
(average r = 0.46, range = -0.06-0.81;). Within the property asset class, Fr-UPFs offered 
limited diversification benefits with listed property companies (r = 0.42) and REITs (r = 0.43) 
but this was better than for REITs with listed property companies (r = 0.67). This suggests that 
Fr-UPFs are a distinct asset class that can offer diversification benefits with financial assets, 
but less so in the context of an inter-property investment strategy. 
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Table 6.33 Fr-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.92* 1.00     
Bonds 0.05 -0.02 1.00    
Stocks 0.25 0.25 -0.03 1.00   
REITs 0.43* 0.51* -0.06 0.81* 1.00  
PCs 0.42* 0.41* -0.05 0.76* 0.67* 1.00 
*: significant correlation (P < 0.05) 
 
6.5.2. Mixed-asset Portfolio Analysis 
Table 6.34 presents the asset composition of the optimised portfolio using the smoothed (Panel 
A) and de-smoothed (Panel B) Fr-UPF return data, alongside expected portfolio annual return 
and risk over Q2:2010-Q4:2015. Also exhibited in Figure 6.10 is an asset allocation diagram 
of the optimised portfolio to further highlight the different asset mixes at a various risk-return 
levels. 
 
The portfolio was initially set with the minimum risk-return level, resulting in its allocation 
being monopolised by less volatile assets such as bonds (83.5%) and Fr-UPFs (16.4%), while 
stocks (0.2%) played a very small role. The combination of these assets gave annual return and 
risk values of 2.69% p.a. and 1.66%, respectively. At the centre-point of the optimum portfolio 
risk-return level, annual return and risk were 8.73% p.a. and 9.95%, respectively; bonds were 
excluded altogether and property assets dominated the portfolio. This saw increased allocation 
in Fr-UPFs (50.7%) and listed property companies (48.9%), while REITs occupied 0.3%. At 
the highest risk-return level, listed property companies dominated the entire portfolio, which 
gave an annual return and risk of 12.54% p.a. and 18.24%, respectively.  
 
Whilst the filtered Fr-UPF return data did not have as much variation in terms of portfolio 
diversification benefits compared to the smoothed series, the marked and significant increase 
in risk had a detrimental impact on the role of Fr-UPFs across the entire risk-return spectrum 
in this domestic mixed-asset framework. Fr-UPFs were no longer the dominant asset class, 
being displaced by the less volatile bonds asset class at the conservative and medium portfolio 
risk-return levels. It is noteworthy, however, that use of the filtered Fr-UPF series still 
commanded a higher allocation in Fr-UPFs than in REITs, although both performed equally on 
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risk-adjusted measures. This may be explained by the greater diversification benefits offered 
by Fr-UPFs (based on their filtered returns) compared to REITs, resulting in Fr-UPFs being a 
more valuable asset in the mixed-asset framework. 
 
Table 6.34 Fr-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
83.5% 0.2% 0.0% 0.0% 16.4% 2.69% 1.66% 
26.2% 0.0% 0.0% 6.6% 67.2% 4.80% 3.32% 
0.0% 0.0% 0.0% 14.3% 85.7% 6.11% 4.98% 
0.0% 0.0% 0.0% 27.2% 72.8% 7.08% 6.63% 
0.0% 0.0% 0.0% 38.5% 61.5% 7.93% 8.29% 
0.0% 0.0% 0.3% 48.9% 50.7% 8.73% 9.95% 
0.0% 0.0% 1.2% 58.6% 40.2% 9.51% 11.61% 
0.0% 0.0% 2.1% 68.2% 29.8% 10.28% 13.27% 
0.0% 0.0% 2.9% 77.6% 19.5% 11.04% 14.93% 
0.0% 0.0% 3.7% 86.9% 9.3% 11.80% 16.59% 
0.0% 0.0% 0.0% 100.0% 0.0% 12.54% 18.24% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
95.8% 0.5% 0.0% 0.3% 3.4% 2.37% 1.75% 
79.0% 0.0% 0.9% 15.5% 4.7% 4.02% 3.40% 
68.4% 0.0% 1.5% 24.6% 5.5% 5.04% 5.05% 
58.3% 0.0% 2.0% 33.4% 6.3% 6.01% 6.70% 
48.4% 0.0% 2.6% 41.9% 7.1% 6.97% 8.35% 
38.6% 0.0% 3.1% 50.4% 7.8% 7.91% 10.00% 
28.9% 0.0% 3.7% 58.8% 8.6% 8.85% 11.65% 
19.2% 0.0% 4.2% 67.3% 9.3% 9.78% 13.30% 
9.5% 0.0% 4.7% 75.6% 10.1% 10.72% 14.95% 
0.0% 0.0% 5.3% 84.0% 10.7% 11.65% 16.59% 
0.0% 0.0% 0.0% 100.0% 0.0% 12.54% 18.24% 
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Figure 6.10 Fr-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
 
 
The efficient frontier of various asset combinations generated from the mean-variance analysis 
is shown in Figure 6.11. As can be clearly seen, the efficient frontier of a portfolio containing 
financial assets (bonds and stocks) underperformed all three-asset portfolios containing each 
class of property asset. This was evident irrespective of the level of volatility of the property 
assets. Further, the addition of Fr-UPFs into the existing mixture of bonds and stocks caused a 
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substantial upward shift of one-quarter of the efficient frontier curve, which implies that Fr-
UPFs are an important component of asset mixes for risk-averse investors seeking exposure in 
French high-quality property assets. In contrast, the higher yielding REITs and listed property 
companies played a larger role within the optimistic range of the efficient frontier. The three-
asset portfolio containing Fr-UPFs (based on filtered data) and financial assets down-shifted 
three-quarters of the efficient frontier, particularly within the conservative risk-return range. 
This is because the mean-variance optimisation reduced the Fr-UPF allocation in response to 
the increased risk level. The significant role of French listed and unlisted property assets in a 
mixed-asset framework was further established by the inclusion of all property assets, which 
caused further improvement in the efficient frontier at every risk-return level. For all efficient 
frontiers, government bonds comprised the majority of assets allocated at the minimum risk 
level of the optimised portfolio; hence the relatively similar starting points of the efficient 
frontiers.  
 
Figure 6.11 Fr-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
As shown in Table 6.35 and Figure 6.12, either using the smoothed (Panel A) or de-smoothed 
(Panel B) Fr-UPF series, the imposition of a 10% cap on total property assets resulted in more 
than 300 basis points being deducted from the average portfolio expected returns compared to 
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the unconstrained portfolio (smoothed: 5.28% p.a.; de-smoothed: 5.27% p.a. versus 
unconstrained: 8.37% p.a.), with slightly lower risk (smoothed: 9.68%; de-smoothed: 9.72% 
versus unconstrained: 9.83%). The 10% cap resulted in Fr-UPFs being a significant property 
component in the conservative portfolio asset allocation. Consistent with the unconstrained 
mean-variance result, this further illustrates the important role of Fr-UPFs in optimum 
portfolios for investors with low risk appetites. The superior returns provided by listed property 
companies saw this asset dominating allocations across the board, the majority of the time at 
the 10% limit. REITs, on the other hand, were not included in the constrained optimal 
portfolios. 
 
Table 6.35 Fr-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
89.4% 0.6% 0.0% 0.0% 10.0% 2.53% 1.68% 
82.4% 7.6% 0.0% 10.0% 0.0% 3.61% 3.30% 
72.2% 17.8% 0.0% 10.0% 0.0% 4.09% 4.93% 
62.7% 27.3% 0.0% 10.0% 0.0% 4.52% 6.55% 
53.6% 36.4% 0.0% 10.0% 0.0% 4.95% 8.18% 
44.5% 45.5% 0.0% 10.0% 0.0% 5.37% 9.80% 
35.6% 54.4% 0.0% 10.0% 0.0% 5.79% 11.43% 
26.6% 63.4% 0.0% 10.0% 0.0% 6.20% 13.05% 
17.7% 72.3% 0.0% 10.0% 0.0% 6.62% 14.68% 
8.9% 81.1% 0.0% 10.0% 0.0% 7.03% 16.30% 
0.0% 90.0% 0.0% 10.0% 0.0% 7.44% 17.93% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
95.8% 0.5% 0.0% 0.3% 3.4% 2.37% 1.75% 
82.0% 8.0% 0.0% 10.0% 0.0% 3.63% 3.37% 
71.8% 18.2% 0.0% 10.0% 0.0% 4.10% 4.99% 
62.4% 27.6% 0.0% 10.0% 0.0% 4.54% 6.61% 
53.3% 36.7% 0.0% 10.0% 0.0% 4.96% 8.22% 
44.3% 45.7% 0.0% 10.0% 0.0% 5.38% 9.84% 
35.4% 54.6% 0.0% 10.0% 0.0% 5.80% 11.46% 
26.5% 63.5% 0.0% 10.0% 0.0% 6.21% 13.08% 
17.7% 72.3% 0.0% 10.0% 0.0% 6.62% 14.69% 
8.8% 81.2% 0.0% 10.0% 0.0% 7.03% 16.31% 
0.0% 90.0% 0.0% 10.0% 0.0% 7.44% 17.93% 
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Figure 6.12 Fr-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
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6.5.3. Blended Property Portfolio Analysis 
Table 6.36 tabulates the optimised Fr-UPF blended property portfolio combining both 
smoothed (Panel A) and smoothing corrected (Panel B) Fr-UPF data with REITs. The wide 
disparity in risk-adjusted performance and mildly correlated relationship between Fr-UPFs and 
REITs resulted in the optimal-blend property portfolio being heavily weighted towards Fr-
UPFs (99% Fr-UPFs, 1% REITs). The risk-adjusted performance of the 99:1 optimal-blend 
property portfolio (#1) had a similar Sharpe ratio as the 100% Fr-UPF portfolio (#2). Turning 
now to the fixed-blend property portfolios, the higher annual return performance of the 70:30 
(#3) and 50:50 (#4) fixed-ratio blended property portfolios was marred by their significantly 
higher risk. Therefore, both fixed-ratio blended property portfolios had lower risk-adjusted 
performance than the 100% Fr-UPF portfolio. 
 
When the blended property portfolios were treated for smoothing bias (Panel B), a reduction 
in risk-adjusted returns was evident, which is not unexpected given that their volatility became 
2.44-fold higher than with the unadjusted series. The optimal-blend property portfolio (#1), 
comprising 67% Fr-UPFs and 33% REITs, provided the most remarkable risk-adjusted returns, 
with the 70:30 (#2) and 50:50 (#3) fixed-blend property portfolios able to outperform the 100% 
Fr-UPF portfolio (#5). It also worth mentioning that the significant representation of Fr-UPFs 
and REITs in the optimally-blended property portfolio could be appealing to institutional 
investors who emphasise risk-adjusted performance, yet also need to fulfil their transparency 
and liquidity investment mandates. 
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Table 6.36 Fr-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return / 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 7.37% 8.21% 0.90 0.88 3 
50% UPFs / 50% REITs 8.72% 12.10% 0.72 0.71 4 
Optimal-blend property portfolio 
99% UPFs / 1% REITs 5.09% 3.88% 1.31 1.28 1 
100% UPFs 5.03% 3.84% 1.31 1.28 2 
100% REITs 11.36% 22.29% 0.51 0.50 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 7.13% 11.51% 0.62 0.61 2 
50% UPFs / 50% REITs 8.52% 14.12% 0.60 0.59 3 
Optimal-blend property portfolio 
67% UPFs / 33% REITs 7.33% 11.83% 0.62 0.61 1 
100% UPFs 4.78% 9.36% 0.51 0.50 5 
100% REITs 11.36% 22.29% 0.51 0.50 4 
 
Table 6.37 exhibits the risk-adjusted performance implications of having blended property 
exposure in a French mixed-asset framework. As observed, there is a strong reason to include 
a blended property component in a mixed-asset portfolio instead of purely using Fr-UPFs. 
Using the unadjusted series (Panel A), portfolios with all forms of blended property 
components had an average 4% improvement in return performance, with 10% exposure in a 
50:50 property blend giving the highest gain (5.43% p.a. versus 5.06% p.a.). The exposure to 
blended property, however, came at the expense of higher portfolio volatility, which was an 
average 5% higher than the portfolio with 10% Fr-UPFs. As a result, only the portfolio with 
10% exposure in optimally-blended property (#2) was able to surpass the portfolio with 10% 
Fr-UPFs (#3) on a risk-adjusted basis. Meanwhile, portfolios with 10% 70:30 (#4) and 50:50 
(#5) property blends only managed to outperform the portfolio with 10% REITs. 
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The utilisation of blended property components (based on smoothing-adjusted data, Panel B), 
unsurprisingly, adversely impacted overall portfolio performance. Nonetheless, all forms of 
blended property components improved risk-adjusted portfolio performance, with Sharpe ratios 
ranging from 0.4737-0.4747, higher than that of the portfolio with pure Fr-UPFs (Sharpe ratio 
= 0.4735).  
 
Table 6.37 Fr-UPF Blended Property Mixed-Asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Sharpe 
ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 5.30% 10.71% 0.49 0.4823 4 
10% 50:50 Blended Property 5.43% 11.07% 0.49 0.4792 5 
10% Optimally Blended Property 5.07% 10.21% 0.50 0.4840 2 
10% UPFs 5.06% 10.19% 0.50 0.4840 3 
10% REITs 5.70% 11.97% 0.48 0.4652 6 
60% Stocks / 40% Bonds 4.09% 7.39% 0.55 0.5354 1 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 5.27% 10.83% 0.49 0.4747 2 
10% 50:50 Blended Property 5.41% 11.15% 0.49 0.4737 4 
10% Optimally Blended Property 5.29% 10.88% 0.49 0.4746 3 
10% UPFs 5.04% 10.37% 0.49 0.4735 5 
10% REITs 5.70% 11.97% 0.48 0.4652 6 
60% Stocks / 40% Bonds 4.09% 7.39% 0.55 0.5354 1 
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6.5.4. Cointegration and Causality Analyses 
Although preliminary testing of the variables for unit root is not a pre-condition to performing 
the ARDL bound test, it is nonetheless essential for studies with small sample sizes, where 
some variables may not be stationary even after being reduced to first differences. Table 6.38 
reports the results of unit root tests using the ADF for the French asset classes. In level form, 
the null hypothesis of unit root could not be rejected for bonds, but the remaining variables 
indicated no presence of unit root. When the variables were transformed into first differences, 
the ADF test results indicate an overwhelming rejection of the null hypothesis for all tested 
variables at a 1% significance level. 
 
Table 6.38 ADF Unit Root Test for French Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -5.8338 0.0001 -5.2976 0.0004 I(0) 
Bonds -0.6409 0.8426 -3.8580 0.0082 I(1) 
Stocks -4.7804 0.0010 -4.6921 0.0017 I(0) 
PCs -3.5862 0.0160 -8.1943 0.0000 I(0) 
Note: H0  – non-stationary. 
 
Results of the ARDL bound test, with model [1,0,1,0] specification, between Fr-UPFs and 
French mainstream asset classes over Q1:2010-Q4:2015 are presented in Table 6.39. Firstly, 
various diagnostic checks were performed on the model to ascertain its robustness. The results 
indicate that serial correlation and abnormal distribution were not present. The computed F-
statistic of 7.86 exceeded the upper-band critical values of 4.84, 3.63 and 3.10 for 1%, 5% and 
10% significance levels. This indicates the presence of a cointegrating relationship between Fr-
UPFs (as the dependent variable) and bonds, stocks and listed property companies (as 
determinants). Since a cointegrating relationship was observed, the next step was to ascertain 
the long-run and short-run effects of the determinants on Fr-UPFs.  
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Table 6.39 Fr-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 7.86 
ARDL 
[1,0,1,0] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
Serial correlation 0.8967 (0.4657)   
Normality 0.4343 (0.8048)   
Note: H0  – non-stationary. 
 
The long-run equilibrium model (Panel A) and error-correction term estimate (Panel B) from 
the cointegration test over the full sample period are contained in Table 6.40. Evidently, only 
bonds and REITs (with marginal significance) were found to have statistically significant long-
run cointegrating relationships with Fr-UPFs, and the coefficients of bonds (0.5047) and REITs 
(0.1685) were positive. This indicates that Fr-UPF returns would benefit from positive 
sentiment in the bond and REIT markets, in a long-term horizon. The statistically significant 
combined long-run coefficient could be interpreted in such a way that an increase of 1% in the 
total return performance of bonds and REITs would result in an increase of the total return 
performance of Fr-UPFs by 0.67%. Judging from the higher coefficient measured at the 1% 
significance level, the bond asset class played a more instrumental role in the unitary 
relationship with Fr-UPFs than did REITs.  
 
The coefficients of the error correction term are shown in Panel B. It is worth emphasising that 
the ECT t-1 coefficient is negative at 1% statistical significance, further affirming the validity 
of the ARDL test results. The ECT t-1 term indicates the rate of adjustment of divergence of Fr-
UPFs from the symmetric model. In this case, the coefficient of -0.97 indicates that a 97% 
discrepancy between the current and required Fr-UPF trend will be corrected per quarter. 
Hence, it will take only 1.03 (1/0.97) quarters for any disequilibrium to be corrected in the 
long-run unison model. 
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Table 6.40 Fr-UPF ARDL Results: Q1:2010-Q4:2015 
Panel A: Long-run cointegration equation 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Stocks -0.1234 -1.3322 0.1994 
Bonds 0.5047 3.1119 0.0060 
REITs 0.1685 1.7388 0.0991 
Panel B: Error correction estimates 
Dependent variable: UPFs 
Independent variables Coefficient t-statistic p-value 
Bonds 3.1841 2.7685 0.0127 
Stocks -0.1197 -2.7322 0.0137 
REITs 0.1629 4.5244 0.0003 
ECT t-1 -0.9733 -4.8234 0.0001 
 
The direction of causality between Fr-UPFs and French mainstream asset classes was analysed 
using the Granger-causality test over Q1:2010-Q4:2015 (Table 6.41). The analysis indicated 
no causal linkages when Fr-UPFs were set as the explanatory variable and the other asset 
classes were set as the dependent variables, as the associated probability values exceeded the 
5% maximum threshold to reject the null hypothesis (of no causal relationship). In contrast, the 
null hypothesis (of no causality) was rejected when bonds were made the explanatory variable 
determining the future movement of Fr-UPFs, as the probability values were below the 5% 
level. This implies that bond returns precede Fr-UPF returns, which suggests that the movement 
in the total return index of bonds could be used as a precedent for projecting the movement of 
the Fr-UPF index. Surprisingly, REITs did not Granger-cause Fr-UPFs over the full sample 
period, although a (weak) cointegrating relationship was observed. However, it must be 
stressed that the coefficient was barely significant at the 5% level. The short nature of the time 
series used in the ARDL model could be a factor contributing to this unexpected result. 
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Table 6.41 Fr-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
5.0054 0.4152 Accept 
← 13.1593 0.0219 Reject 
UPFs 
→ 
Stocks 
0.4096 0.5222 Accept 
← 0.3054 0.5805 Accept 
UPFs 
→ 
REITs 
0.7902 0.6736 Accept 
← 0.4515 0.7979 Accept 
Note: H0  – no causal relationship. 
 
6.5.5. Summary of Findings 
Table 6.42 summarises the empirical results for Fr-UPFs over Q2:2010-Q4:2015. As seen in 
Panel A, while Fr-UPFs recorded lacklustre average annual return performance, they were less 
volatile. Consequently, Fr-UPFs outperformed both stocks and REITs on a risk-adjusted 
performance basis, but underperformed both bonds and listed property companies. In the inter-
asset correlation analysis summarised in Panel B, Fr-UPFs delivered mixed results. Fr-UPF 
investors could achieve higher diversification benefits with stocks (r = 0.25) than choosing an 
inter-property portfolio with REITs (r = 0.51). Nonetheless, an inter-property investment 
strategy is more effective by investing in Fr-UPFs and REITs (r = 0.51) than opting for a 
combination of REITs and listed property companies (r = 0.67). Regardless, Fr-UPFs (average 
allocation = 6.7%) were seen as being less optimal for inclusion in the mixed-asset portfolio 
(Panel C). This saw listed property companies (50.2%) as the dominant property asset in the 
optimal mixed-asset portfolio.  
 
Panel D provides the summary of the results for the blended property portfolio analysis. Both 
the fixed- and optimal-blend property portfolio structures were able to provide investors with 
higher absolute return performance, but at a cost of higher risk level. Be that as it may, the 
significant increase in the return performance was able to offset any increase in risk level, 
resulting in all blended property portfolio structures outperforming the pure Fr-UPFs portfolio 
on a risk-adjusted basis. Panel E presents the summary of the long- and short-run linkage 
results. The results suggest investors would receive less diversification benefits by investing in 
bonds and Fr-UPF in a portfolio, be it in short- or long-term investment horizon. On the 
contrary, the lack of cointegrating or causal relationship between Fr-UPFs and stocks implies 
that they are better fit in a mixed-asset investment portfolio.  
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Table 6.42 Fr-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs vs 
Bonds ✓ ✕ ✕ 
Stocks ✕ ✓ ✓ 
REITs ✕ ✓ ✓ 
PCs ✕ ✓ ✕ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = 0.25 0.81 0.76 0.51 0.67 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 6.7% 40.6% 0.0% 2.5% 50.2% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✓ 
Fixed-blend 70:30 ✓ ✕ ✓ 
Optimal blend ✓ ✕ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs 
Relationship  Bonds Stocks REITs 
Cointegration  ✓ ✕ ✓ 
Granger-causing ✕ ✕  ✕ 
Granger-caused by ✓ ✕ ✕ 
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6.6. PERFORMANCE OF NETHERLANDS UNLISTED PROPERTY FUNDS  
6.6.1. Risk-adjusted Performance Analysis 
Table 6.43 presents the risk-adjusted performance analysis for Netherlands-based UPFs (Nl-
UPFs) over Q2:2010-Q4:2015. Stocks (10.25% p.a.) outperformed all Netherlands mainstream 
asset classes, while REITs (4.64% p.a.) were the best performer amongst the property assets, 
followed by Nl-UPFs (2.93% p.a.). The relatively low average annual return of Nl-UPFs was 
compensated by their low risk level, which made Nl-UPFs (#1) the best-performing asset class 
on a risk-adjusted basis (via return-to-risk ratio and Sharpe ratio). Even the smoothing-
corrected Nl-UPF series (#2), with its higher risk level, maintained superiority in the risk-
adjusted return measures, with bonds (#3) and stocks (#4) trailing behind. In contrast, the high 
risk level of REITs (#5) inevitably saw this asset-class ranked last on a risk-adjusted basis. 
Listed property companies registered negative average returns over this period, thus they were 
not included in the risk-adjusted return measures.  
 
Table 6.43 Nl-UPF Performance Analysis: Q2:2010-Q4:2015 
 Average 
annual return Annual risk 
Return/risk 
ratio Sharpe ratio Rank 
UPFs      
Smoothed 2.93% 1.84% 1.59 1.52 1 
De-smoothed 3.39% 2.68% 1.26 1.22 2 
Bonds 1.94% 1.71% 1.14 1.06 3 
Stocks 10.25% 15.88% 0.65 0.64 4 
REITs 4.64% 21.51% 0.22 0.21 5 
PCs -2.57% 24.53% - - - 
 
The inter-asset correlation matrix for both smoothed and de-smoothed Nl-UPF data series over 
Q2:2010-Q4:2015 is tabulated in Table 6.44. Nl-UPF returns exhibited moderate negative 
correlations with bonds (smoothed: r = -0.54; de-smoothed: r = -0.45) and stocks (smoothed: 
r = -0.33; de-smoothed r = -0.31), which highlights the ability of Nl-UPFs to act as a portfolio 
diversifier and stabiliser for these assets. The opposite result was observed between REITs and 
stocks (r = 0.62), and with listed property companies and stocks (r = 0.29). This suggests there 
is little benefit of diversifying portfolios containing REITs and property companies with the 
Netherlands equity market over this period. Within the property-only investment context, the 
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correlation characteristics of Nl-UPFs with REITs (smoothed: r = -0.07; de-smoothed: r = -
0.08) and listed property companies (smoothed: r = 0.15; de-smoothed: r = 0.21) implies there 
are desirable diversification benefits with either of these listed property investment vehicles; 
something that was less pronounced with REITs and listed property companies (r = 0.27). 
 
Table 6.44 Nl-UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs PCs 
UPFs 1.00      
Ds-UPFs 0.91* 1.00     
Bonds -0.54* -0.45* 1.00    
Stocks -0.33 -0.31 -0.06 1.00   
REITs -0.07 -0.08 -0.09 0.62* 1.00  
PCs 0.15 0.21 0.04 0.29 0.27 1.00 
*: significant correlation (P < 5%) 
 
6.6.2. Mixed-asset Portfolio Analysis 
Table 6.45 presents the mean-variance optimisation of Nl-UPFs based on smoothed (Panel A) 
and de-smoothed Nl-UPF returns (Panel B) in a domestic mixed-asset portfolio. Figure 6.13 
better illustrates the asset compositions at various regions of the risk-return spectrum. The 
optimised portfolios for the smoothed Nl-UPF series delivered minimum and maximum 
average annual returns of 2.61% p.a. and 10.25% p.a., respectively, with portfolio risk levels 
ranging from 0.76-15.88%. Nl-UPFs were a critical component at every risk-return level, 
particularly so at the low- and mid-ranges of optimum portfolios. Allocation in Nl-UPFs 
reached as high as 86%, with an average allocation of 42.5%. Within the property asset class, 
Nl-UPFs asserted its dominant role as the sole portfolio enhancer, with REITs and listed 
property companies failing to enter the optimised portfolios. As expected, use of the volatility-
injected Nl-UPF series resulted in a slight reduction in overall Nl-UPF allocation compared to 
the smoothed series, yet sizeable allocations across the entire risk-return spectrum were still 
visible. Hence, whether analysing smoothed or de-smoothed data, Nl-UPFs featured 
prominently in domestic mixed-asset portfolios. 
 
In both the smoothed and de-smoothed Nl-UPF mean-variance optimisation processes, there 
was a large weighting towards bonds in the most conservative portfolios, while for investors 
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seeking enhanced returns at high risk, portfolios comprising 100% stocks offered the greatest 
risk-return investment. 
  
Table 6.45 Nl-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
49.2% 2.4% 0.0% 0.0% 48.4% 2.61% 0.76% 
0.0% 14.0% 0.0% 0.0% 86.0% 3.96% 2.27% 
0.0% 25.2% 0.0% 0.0% 74.8% 4.78% 3.79% 
0.0% 35.0% 0.0% 0.0% 65.0% 5.50% 5.30% 
0.0% 44.5% 0.0% 0.0% 55.5% 6.19% 6.81% 
0.0% 53.9% 0.0% 0.0% 46.1% 6.88% 8.32% 
0.0% 63.2% 0.0% 0.0% 36.8% 7.55% 9.84% 
0.0% 72.4% 0.0% 0.0% 27.6% 8.23% 11.35% 
0.0% 81.6% 0.0% 0.0% 18.4% 8.91% 12.86% 
0.0% 90.8% 0.0% 0.0% 9.2% 9.58% 14.37% 
0.0% 100.0% 0.0% 0.0% 0.0% 10.25% 15.88% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
61.2% 2.6% 0.0% 0.0% 36.2% 2.68% 1.00% 
9.9% 14.4% 0.0% 0.0% 75.7% 4.23% 2.49% 
0.0% 25.8% 0.0% 0.0% 74.2% 5.16% 3.98% 
0.0% 36.1% 0.0% 0.0% 63.9% 5.87% 5.47% 
0.0% 45.7% 0.0% 0.0% 54.3% 6.52% 6.95% 
0.0% 55.0% 0.0% 0.0% 45.0% 7.16% 8.44% 
0.0% 64.1% 0.0% 0.0% 35.9% 7.79% 9.93% 
0.0% 73.1% 0.0% 0.0% 26.9% 8.41% 11.42% 
0.0% 82.1% 0.0% 0.0% 17.9% 9.02% 12.91% 
0.0% 91.1% 0.0% 0.0% 8.9% 9.64% 14.40% 
0.0% 100.0% 0.0% 0.0% 0.0% 10.25% 15.88% 
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Figure 6.13 Nl-UPF Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
 
 
Figure 6.14 exhibits five efficient frontiers of various asset-class combinations over Q2:2010-
Q4:2015. These combinations were: financial assets-only (bonds and stocks), financial assets 
with each property asset class, and financial assets with all property classes.  The inclusion of 
REITs and listed property companies into the existing mixture of financial assets did not result 
in better efficient frontiers, suggesting that both property assets failed to enhance the existing 
portfolio comprised of financial assets. On the other hand, the efficient frontier generated by 
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the addition of either smoothed or de-smoothed Nl-UPF data exhibited an upward shift of the 
curve on the x-axis and y-axis of the graph, respectively. This suggests return enhancement 
and risk reduction occurred with the introduction of Nl-UPFs into the asset-mix; this being the 
efficient frontier with 100% efficiency. The fully diversified 5-asset portfolio failed to exhibit 
any noticeable improvement in the efficient frontier curve.  
 
Figure 6.14 Nl-UPF Efficient Frontiers: Q2:2010-Q4:2015 
 
 
The previous unconstrained mean-variance analysis did not take into consideration whether the 
mixed-asset portfolio was heavily exposed to a single asset class, in this case, the overweighted 
allocations to Nl-UPFs. To resolve this issue, a constrained mean-variance analysis was 
performed, whereby the total property asset allocation was capped at 10%; this being the actual 
maximum property asset composition in institutional investor portfolios. Table 6.46 reports the 
constrained mean-variance optimisation result for smoothed (Panel A) and de-smoothed (Panel 
B) Nl-UPFs, with Figure 6.15 presenting the constrained asset allocation diagram. 
 
The constrained mixed-asset portfolio took a significant performance hit throughout the risk-
return spectrum, particularly in the portfolios where previously both the smoothed and de-
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smoothed Nl-UPFs were a significant member of the portfolio compositions. It is worth noting 
that the mean-variance optimisation still identified Nl-UPFs as the only viable property asset 
to be included in the framework. Whilst this is not unexpected, the results in several other 
jurisdictions showed a greater tendency to allocate higher-yielding property asset classes, i.e. 
REITs or listed property companies, to offset the effect of the allocation cap. In the case of the 
Netherlands, the mediocre risk-adjusted performance of the listed property investment 
vehicles, coupled with their tightly-correlated behaviour with other financial assets, made Nl-
UPFs a more attractive proposition in mixed-asset portfolios. Consequently, the 10% cap on 
total property allocation resulted in Nl-UPFs, based on both smoothed and de-smoothed data, 
playing a significant role across the entire portfolio risk-return spectrum; in most cases, at the 
maximum 10 % allocation. Conclusively, with constraint or no constraint, Nl-UPFs add 
significant value to a mixed-asset framework.  
 
It was also apparent that when property asset exposure was limited, government bonds and 
common stocks took a larger role in shaping portfolio risk-return profiles. Bonds dominated 
potfolios in the lower half of the risk-return spectrum, and were gradually taken over by stocks 
as the risk level increased.  
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Table 6.46 Nl-UPF Constrained Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
88.1% 1.9% 0.0% 0.0% 10.0% 2.19% 1.41% 
72.7% 17.3% 0.0% 0.0% 10.0% 3.48% 2.86% 
62.8% 27.2% 0.0% 0.0% 10.0% 4.30% 4.31% 
53.4% 36.6% 0.0% 0.0% 10.0% 5.08% 5.76% 
44.2% 45.8% 0.0% 0.0% 10.0% 5.84% 7.20% 
35.0% 55.0% 0.0% 0.0% 10.0% 6.60% 8.65% 
25.9% 64.1% 0.0% 0.0% 10.0% 7.36% 10.10% 
16.9% 73.1% 0.0% 0.0% 10.0% 8.12% 11.54% 
7.8% 82.2% 0.0% 0.0% 10.0% 8.87% 12.99% 
0.0% 91.2% 0.0% 0.0% 8.8% 9.61% 14.44% 
0.0% 100.0% 0.0% 0.0% 0.0% 10.25% 15.88% 
Panel B: De-smoothed UPF series 
Bonds Stocks REITs PCs UPFs Portfolio return 
Portfolio 
risk 
88.0% 2.0% 0.0% 0.0% 10.0% 2.25% 1.40% 
72.6% 17.4% 0.0% 0.0% 10.0% 3.53% 2.85% 
62.7% 27.3% 0.0% 0.0% 10.0% 4.35% 4.30% 
53.3% 36.7% 0.0% 0.0% 10.0% 5.13% 5.75% 
44.1% 45.9% 0.0% 0.0% 10.0% 5.90% 7.19% 
35.0% 55.0% 0.0% 0.0% 10.0% 6.66% 8.64% 
25.8% 64.2% 0.0% 0.0% 10.0% 7.42% 10.09% 
16.8% 73.2% 0.0% 0.0% 10.0% 8.17% 11.54% 
7.7% 82.3% 0.0% 0.0% 10.0% 8.93% 12.99% 
0.0% 91.3% 0.0% 0.0% 8.7% 9.65% 14.44% 
0.0% 100.0% 0.0% 0.0% 0.0% 10.25% 15.88% 
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Figure 6.15 Nl-UPF Constrained Asset Allocation Diagram: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
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6.6.3. Blended Property Portfolio Analysis 
While the weakly-correlated Nl-UPF and REIT total return series offers an opportunity to 
construct an effective blended property portfolio, the low risk-adjusted returns of REITs over 
the full sample period presents a major challenge: Can the blended property portfolio actually 
deliver enhanced risk-adjusted performance compared to a portfolio of 100% Nl-UPFs or 
REITs? Table 6.47 highlights the potential added-value achieved through various blended 
property portfolios constructed using the unadjusted (Panel A) / smoothing-adjusted (Panel B) 
Nl-UPF series and REITs over Q2:2010-Q4:2015. 
 
The unadjusted optimal-blend property portfolio (Panel A) was optimised to extract the highest 
risk-adjusted performance using an optimum mixture of Nl-UPFs and REITs, which was 98% 
Nl-UPFs and 2% REITs. This optimally-blended property portfolio is suitable for institutional 
investors seeking enhanced returns, as it generated the highest Sharpe ratio (1.58; #1), 
outperforming the portfolio of 100% Nl-UPFs (Sharpe ratio = 1.52; #2). The liquidity-focused 
70:30 (Sharpe ratio: 0.59; #3) and 50:50 (Sharpe ratio = 0.40; #4) fixed-blend property 
portfolios delivered higher absolute returns than the baseline 100% Nl-UPF portfolio, but the 
risk-adjusted performance was impaired by the elevated risk exposure. Be that as it may, both 
of these liquidity-focused blended property portfolios gave higher risk-adjusted performance 
compared to the 100% REIT portfolio (#5) and, at the same time, maintained adequate exposure 
to REITs for diversification and liquidity requirements.  
 
The construction of the smoothing-adjusted Netherlands blended property portfolios (Panel B) 
was necessary to further articulate how a blended property structure, in a volatility-induced 
environment, would deliver on a risk-adjusted basis. The impact of using the smoothing-
corrected Nl-UPF series did not cause a huge variation in the risk-adjusted return performance 
across the return-focused and liquidity-focused blended property portfolios. The 96:4 optimal-
blend property portfolio was still the best performer on a risk-adjusted basis, while both fixed-
blend property portfolios were the more appealing options compared to investing in 100% 
REITs for institutional investors requiring a certain level of liquidity and transparency in their 
property assets. 
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Table 6.47 Nl-UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Sharpe ratio Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 3.93% 6.50% 0.61 0.59 3 
50% UPFs / 50% REITs 4.37% 10.73% 0.41 0.40 4 
Optimal-blend property portfolio 
98% UPFs / 2% REITs 3.02% 1.83% 1.65 1.58 1 
100% UPFs 2.93% 1.84% 1.59 1.52 2 
100% REITs 4.64% 21.51% 0.22 0.21 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 4.26% 6.58% 0.65 0.63 3 
50% UPFs / 50% REITs 4.61% 10.74% 0.43 0.42 4 
Optimal-blend property portfolio 
96% UPFs / 4% REITs 3.52% 2.65% 1.33 1.28 1 
100% UPFs 3.39% 2.68% 1.26 1.22 2 
100% REITs 4.64% 21.51% 0.22 0.21 5 
 
Table 6.48 assesses the impact of adding various forms of a blended property component to a 
domestic mixed-asset portfolio over Q2:2010-Q4:2015. Amongst the various unadjusted 
blended property forms (Panel A), 50:50 blended property (6.75% p.a.) produced the highest 
return enhancement-1.49% p.a. higher compared to the baseline portfolio of 60% stocks and 
40% bonds (5.26% p.a.)-with lesser but noticeable improvement also seen in the portfolio with 
the 70:30 (6.71% p.a.) and optimally-blended property (6.62% p.a.) components. The 50:50 
blended property portfolio had higher annual returns than the pure Nl-UPF portfolio, by 2% 
(6.75% p.a. versus 6.61% p.a.). The cost of obtaining enhanced liquidity and transparency in 
the blended property components was increased volatility, consequently impairing the risk-
adjusted return performance, particularly so in the blended property structure with higher listed 
property allocation. As a result, the pure Nl-UPF approach (#2) outperformed, on a risk-
adjusted basis, the mixed-asset portfolio containing optimally-blended (#3), 70:30 (#4) and 
50:50 (#5) blended property components. Unexpectedly, when smoothing-bias was corrected 
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(Panel B), every mixed-asset framework with an unlisted property component exhibited higher 
portfolio volatility, consequently affecting the return-to-risk ratio and Sharpe ratio risk-
adjusted return measures. The risk-adjusted performance ranking, however, shows that all 
portfolios exposed to a blended property component were ranked lower than the portfolio with 
pure Nl-UPFs. Nonetheless, blended property exposure still provides liquidity, transparency 
and diversification benefits that were not assessed in this analysis. 
 
Table 6.48 Nl-UPF Blended Property Mixed-Asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Sharpe 
ratio 
Rank 
Panel A: Smoothed UPF series 
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 6.71% 9.088% 0.74 0.7239 4 
10% 50:50 Blended Property 6.75% 9.39% 0.72 0.7053 5 
10% Optimally Blended Property 6.62% 8.69% 0.76 0.7467 3 
10% UPFs 6.61% 8.66% 0.76 0.7484 2 
10% REITs 6.78% 10.19% 0.67 0.6528 6 
60% Stocks / 40% Bonds 5.26% 6.38% 0.83 0.8049 1 
Panel B: De-smoothed UPF series 
55% Stocks / 35% Bonds /      
10% 70:30 Blended Property 6.74% 9.14% 0.74 0.7231 4 
10% 50:50 Blended Property 6.78% 9.45% 0.72 0.7034 5 
10% Optimally Blended Property 6.67% 8.76% 0.76 0.7463 3 
10% UPFs 6.65% 8.71% 0.76 0.7494 2 
10% REITs 6.78% 10.19% 0.67 0.6528 6 
60% Stocks / 40% Bonds 5.26% 6.38% 0.83 0.8049 1 
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6.6.4. Cointegration and Causality Analyses 
Table 6.49 reports the results of the unit root test for the log-transformed quarterly returns of 
Netherlands asset classes over Q1:2010-Q4:2015. Unit root detection was conducted using the 
ADF unit root test. The ADF test results indicate that both Nl-UPFs and bonds were non-
stationary in level forms, but stationary in first differences at 1% and 5% significance levels, 
respectively. In contrast, the ADF test rejected the null of non-stationarity in level for both 
stocks and REITs at 1% significance. Overall, the ADF test indicated there was no mutual order 
of integration amongst the variables; Nl-UPFs and bonds were stationary I(1) processes while 
both stocks and REITs were integrated at I(0). Be that as it may, the ARDL bound test is still 
applicable as none of the variables required a higher order of differencing to obtain stationarity. 
 
Table 6.49 ADF Unit Root Test for Netherlands Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -1.0260 0.7261 -6.3385 0.0000 I(1) 
Bonds -0.9680 0.7459 -3.3361 0.0254 I(1) 
Stocks -4.5908 0.0016 -4.3433 0.0034 I(0) 
REITs -5.7222 0.0001 -4.0103 0.0069 I(0) 
Note: H0  – non-stationary. 
 
The outcomes of the ARDL bounds test, with model [2,0,1,0] specification, for Nl-UPFs and 
Netherlands mainstream asset classes over Q1:2010-Q4:2015 are presented in Table 6.50. It is 
readily observable that the F-statistic (0.46) computed from the ARDL test was lower than the 
24-sample critical value calculated at statistical significance levels of 1%, 5% and 10%, 
respectively. As a result, the null hypothesis (of no long-run equilibrium relationship between 
Nl-UPFs and Netherlands mainstream asset classes) must be accepted at all significance 
thresholds. Further, diagnostic checks via Breusch-Godfrey and Jarque-Bera tests did not point 
to any evidence of serial correlation or non-normality in the variables. Since the long-run 
relationship was not established, the analysis did not proceed to estimate the long-run and short-
run cointegration model. 
 
Although none of the determinant variables were cointegrated with Nl-UPFs in the long-term, 
it was necessary to test for the possibility of short-term linkages between the variables. To 
achieve this, the Granger causality test was employed (Table 6.51). Nl-UPFs did not Granger-
273 
 
cause any of the Netherlands mainstream asset classes over the full sample period. Moreover, 
with the exception of stocks, bonds and REITs were also found not to be Granger-causing Nl-
UPF returns. On the other hand, a uni-directional causal path from stocks to Nl-UPFs was 
detected and the computed F-statistic value was statistically significant at the 5% level. The 
result suggests that the returns from the stock market led the returns of Nl-UPFs by a two-
lagged period over the full sample period.  
 
Table 6.50 Nl-UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 0.46 
ARDL 
[2,0,1,0] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
Serial correlation 0.7017 (0.5123)   
Normality 1.6411 (0.4402)   
Note: H0  – no long-run cointegrating relationship. 
 
Table 6.51 Nl-UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value H0 
UPFs 
→ 
Bonds 
2.2408 0.3261 Accept 
← 2.2585 0.3233 Accept 
UPFs 
→ 
Stocks 
0.9293 0.6284 Accept 
← 7.4820 0.0237 Reject 
UPFs 
→ 
REITs 
0.6120 0.7364 Accept 
← 1.7081 0.4257 Accept 
Note: H0  – no causal relationship. 
 
6.6.5. Summary of Findings 
The summarised results in Table 6.52 highlight the superior performance of Nl-UPFs over 
Q2:2010-Q4:2015. The summary risk-adjusted performance results provided in Panel A show 
Nl-UPFs outperformed all major asset classes on a risk-adjusted basis. In addition to this, Nl-
UPFs (r = -0.31) would provide investors with stronger diversification benefits with the 
domestic stock market compared to both REITs (r = 0.62) and listed property companies (r = 
0.29). With a correlation coefficient of r = -0.08, an inter-property investment strategy between 
UK-UPFs and REITs is also possible (Panel B). As shown in Panel C, this strong diversification 
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benefits translate into Nl-UPFs (average allocation = 39.9%) being heavily allocated in the 
optimal mixed-asset portfolio, in particular across the conservative to medium risk-return 
spectrum. In the blended property portfolio analysis (Panel D), results show investors could 
obtain higher absolute return performance compared to investing solely in Nl-UPFs; however, 
only the optimal-blend hybrid property portfolio was assessed to be able to deliver superior 
risk-adjusted performance compared to pure Nl-UPFs portfolio.  
 
The summary results for cointegration and Granger causality tests are contained in Panel E. 
Nl-UPFs’ excellent diversification characteristics are evident as they were not integrated with 
the broader domestic investment market in the long-run investment horizon. Also, limited 
short-run association with stocks was recorded, implying that short-term investment portfolio 
could be optimally constructed comprising Nl-UPFs, bonds and REITs. 
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Table 6.52 Nl-UPF Performance Summary 
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
 
UPFs vs 
Bonds ✓ ✕ ✓ 
Stocks ✕ ✓ ✓ 
REITs ✕ ✓ ✓ 
PCs ✓ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
r = -0.31 0.62 0.29 -0.08 0.27 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs PCs 
Average 
allocation 39.9% 6.5% 53.6% 0.0% 0.0% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✕ 
Fixed-blend 70:30 ✓ ✕ ✕ 
Optimal blend ✓ ✓ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs 
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕  ✕ 
Granger-causing ✕ ✕  ✕ 
Granger-caused by ✕ ✓ ✕ 
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6.7. SUMMARY OF FINDINGS  
The main objective of this chapter was to provide a rigorous benchmark for the performance 
and role of UPFs in domestic mixed-asset portfolios in five European jurisdictions; namely, 
the UK, Germany, Finland, France and the Netherlands. The UPF markets in each of these 
jurisdictions were assessed for their risk-adjusted performance, diversification potential, role 
in mixed-asset portfolios, and linkages with domestic mainstream asset classes, over 2010-
2015. This section presents a brief review of the findings. 
 
6.7.1. Risk-Adjusted Performance and Diversification Benefits 
The summarised results in Table 6.53 demonstrate that the risk-adjusted performance of UPFs 
in all five European markets was consistently superior compared to all domestic asset classes. 
Most importantly, European UPFs outperformed their domestic REITs and listed property 
companies on a risk-adjusted basis. While the annual return performance of UPFs was typically 
half of that of REITs or listed property companies, UPFs were less volatile, exhibiting, on 
average, only one-sixth the risk of domestic listed property investment vehicles. The risk-
adjusted performance tests also demonstrate the unique performance attributes of UPFs in the 
five European jurisdictions, which delivered risk-return profiles not seen in the existing 
domestic asset classes. This superior risk-adjusted performance persisted even after the UPF 
series was de-smoothed. Fr-UPFs were the most affected by the de-smoothing procedure, and 
consequently underperformed domestic bonds and listed property companies.  
  
In terms of diversification benefits, UPFs were more efficient portfolio diversifiers with the 
domestic stock market than either REITs or listed property companies (Table 6.54). Being an 
unlisted property investment structure contributes to this exceptional portfolio diversifier trait, 
which was not observed in REITs nor listed property companies. Further, the weakly correlated 
returns of UPFs and REITs/listed property companies signify that investors would benefit 
greatly from diversification with domestic listed property investment vehicles.  
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Table 6.53 European UPF Performance Summary: Domestic 
Did UPFs provide better performance compared to domestic asset classes? 
 Asset Return Risk Risk-adjusted return 
UK 1 ✓ ✕ ✓ 
 2 ✓ ✓ ✓ 
 3 ✕ ✓ ✓ 
 4 ✕ ✓ ✓ 
Germany 1 ✓ ✕ ✓ 
 2 ✕ ✓ ✓ 
 3 ✕ ✓ ✓ 
 4 ✕ ✓ ✓ 
Finland 1 ✓ ✕ ✓ 
 2 ✕ ✓ ✓ 
 3 - - - 
 4 ✕ ✓ ✓ 
France 1 ✓ ✕ ✓* 
 2 ✕ ✓ ✓ 
 3 ✕ ✓ ✓ 
 4 ✕ ✓ ✓* 
Netherlands 1 ✓ ✕ ✓ 
 2 ✕ ✓ ✓ 
 3 ✕ ✓ ✓ 
 4 ✓ ✓ ✓ 
Note: 1 = Bonds, 2 = Stocks, 3 = REITs, 4 = listed property companies  
 * = smoothed only 
 
Table 6.54 European UPF Correlation Coefficient Summary: Domestic 
 UPFs-Stocks REIT-Stocks PCs-Stocks UPFs-REITs REITs-PCs 
UK -0.02 0.73 0.66 0.20 0.84 
Germany -0.16 0.54 0.62 -0.07 0.66 
Finland 0.03 - 0.78 0.01* - 
France 0.25 0.81 0.76 0.51 0.67 
Netherlands -0.31 0.62 0.29 -0.08 0.27 
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6.7.2. Role in Domestic Mixed-Asset Investment Portfolios 
The role of UPFs in the domestic mixed-asset portfolio was tested using the classical mean-
variance test over Q2:2010-Q4:2015 (Table 6.55). The mean-variance test indicates there is a 
significant role for UPFs in domestic mixed-asset portfolios in the UK, Germany, Finland, 
France and the Netherlands. In a five-asset portfolio, the average allocation for UPFs across 
the five European markets indicated that the majority of UPFs were more efficient domestic 
mixed-asset portfolio enhancers than REITs, stocks and bonds. The optimum average 
allocation in UPFs based on smoothed UPF return data (Panel A) was around the 40% mark. 
However, the application of the de-smoothing filter to remove valuation-smoothing bias 
resulted in lower allocations to UPFs in all five European jurisdictions (Panel B). This was 
most pronounced for Fr-UPFs, due to a significant increase in risk.  
 
Table 6.55 European UPF Asset Allocation Summary: Domestic 
Panel A: Smoothed UPF series 
Market UPFs Bonds Stocks REITs PCs 
UK 39.7% 8.6% 0.0% 5.0% 46.8% 
Germany 42.7% 4.8% 0.0% 2.8% 49.6% 
Finland 40.8% 7.5% 51.7% - 0.0% 
France 41.2% 10.0% 0.0% 0.9% 47.9% 
Netherlands 42.5% 4.5% 53.0% 0.0% 0.0% 
Panel B: De-smoothed UPF series 
Market UPFs Bonds Stocks REITs PCs 
UK 40.0% 11.3% 0.0% 7.1% 41.6% 
Germany 37.6% 9.9% 0.0% 3.7% 48.8% 
Finland 38.8% 11.4% 49.8% - 0.0% 
France 6.7% 40.6% 0.0% 2.5% 50.2% 
Netherlands 39.9% 6.5% 53.6% 0.0% 0.0% 
 
6.7.3. Blended Property Portfolio Optimisation 
The high concentration of UPFs across the low- to mid-range of the portfolio risk-return 
spectrum presents the issue of concentration risk for investors with conservative and moderate 
risk-return objectives, especially in the context of portfolio liquidity and transparency. This 
chapter specifically assessed the performance implications of blending UPFs and listed 
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property components in an attempt to create a blended property structure that gives investors a 
diversified domestic property investment vehicle that has competitive risk-adjusted 
performance while retaining liquidity and transparency.  As observed in Table 6.56, on a purely 
risk-adjusted basis, the impact of having more exposure to listed property components via 
fixed-blend structures was greater risk, resulting in lower risk-adjusted performance compared 
to pure UPF exposure, in all five European markets. Nonetheless, in the case where risk-
adjusted performance is the main investment goal, domestic European investors could improve 
their property portfolio performance by optimally blending (in terms of Sharpe ratio) UPFs and 
listed property components. This method was proven to be possible in the UK, Germany, 
France and the Netherlands. Notably, listed property components in each of these jurisdictions 
accounted for less than 10% allocation in pure property portfolios, which may be insufficient 
to fulfil transparency and liquidity mandates.  
 
Table 6.56 European Blended Property Portfolio Performance Summary: Domestic 
Did blended property portfolio provide better performance compared to a pure UPF portfolio? 
 Structure Return Risk Risk-adjusted return 
UK 1 ✓ ✕ ✕ 
 2 ✓ ✕ ✕ 
 3 ✓ ✕ ✓ 
Germany 1 ✓ ✕ ✕ 
 2 ✓ ✕ ✓** 
 3 ✓ ✕ ✓ 
Finland 1 ✓ ✕ ✕ 
 2 ✓ ✕ ✕ 
 3 ✓** ✕ ✓** 
France 1 ✓ ✕ ✓** 
 2 ✓ ✕ ✓** 
 3 ✓ ✕ ✓ 
Netherlands 1 ✓ ✕ ✕ 
 2 ✓ ✕ ✕ 
 3 ✓ ✓ ✓ 
Note: 1 = fixed-blend 50:50, 2 = fixed-blend 70:30, 3 = optimal blend  
 * = smoothed only, ** = de-smoothed only 
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6.7.4. Long- and Short-term Linkages 
The cointegration analysis of various European UPFs and their domestic asset class 
counterparts further substantiates the diversification benefits of UPFs in the context of a 
domestic mixed-asset portfolio strategy (Table 6.57). The results show that, in the long-run, 
UPFs do not move in unison with domestic investment asset classes in the UK, Finland and the 
Netherlands. This signifies that investors intending to create a long-life, fully diversified 
portfolio with exposure in property assets could gain long-term diversification benefits with a 
UPF allocation. In contrast, Ge-UPFs and Fr-UPFs were found to be substitutable with the 
domestic REITs in the long-run, but the superior risk-adjusted performance of both of these 
UPF markets could make them a more attractive choice for investors. Only Fr-UPFs were found 
to be cointegrated with the domestic bonds over the period of the study, indicating long-term 
substitutability between these two assets in the France mixed-asset framework. 
 
Table 6.57 European UPF Cointegration Test Summary: Domestic 
Were there long-run relationships between UPFs and bonds, stocks and REITs/PCs? 
  Bonds Stocks REITs/PCs 
UK  ✕ ✕ ✕ 
Germany  ✕ ✕ ✓ 
Finland  ✕ ✕ ✕ 
France  ✓ ✕ ✓ 
Netherlands  ✕ ✕ ✕ 
 
UPFs in several European jurisdictions had a certain degree of diversification benefit in the 
short-term, as seen in the results of the Granger causality tests (Table 6.58). Uni-directional 
causality from bonds to UPFs was detected in the UK and France, with a similar uni-directional 
causality recorded from stocks to Nl-UPFs. Due to their long-term association with the 
domestic REIT market, Ge-UPFs were observed to be Granger-caused by the domestic REIT 
market. Overall, the limited short-term association between UPFs and the European domestic 
investment market means investors would still benefit from an enhanced diversification 
strategy by having UPFs in their mixed-asset investment portfolio.  
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Table 6.58 European UPF Granger Causality Test Summary: Domestic 
Were there causal relationships between UPFs and bonds, stocks and REITs? 
 Asset Granger-causing: Granger-caused by: 
UK 1 ✕ ✓ 
 2 ✕ ✕ 
 3 ✕ ✕ 
Germany 1 ✕ ✕ 
 2 ✕ ✕ 
 3 ✕ ✓ 
Finland 1 ✕ ✕ 
 2 ✕ ✕ 
 3* ✕ ✕ 
France 1 ✕ ✓ 
 2 ✕ ✕ 
 3 ✕ ✕ 
Netherlands 1 ✕ ✕ 
 2 ✕ ✓ 
 3 ✕ ✕ 
Note: 1 = Bonds, 2 = Stocks, 3 = REITs. * = listed property companies 
 
Overall, both Chapter 5 and Chapter 6 have presented an analysis of UPFs at the specific 
country level. This now leads to an analysis at the regional and global levels as will be given 
in Chapter 7. This regional and global analysis is important, given the strong international focus 
of property investment today by institutional investors. 
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CHAPTER 7   
THE SIGNIFICANCE AND PERFORMANCE OF 
UNLISTED PROPERTY FUNDS IN REGIONAL AND 
GLOBAL MIXED-ASSET PORTFOLIOS 
 
Chapter 7 examines the performance characteristics and added-value benefits of regional and 
global UPFs. This includes comparative benchmarking with the other major asset classes at 
the regional and global investment context. Risk-adjusted performance, portfolio 
diversification benefits, optimal asset allocation and long- and short-run integrations are 
assessed for two regional markets, namely Asia-Pacific and Europe, as well as at the global 
level.  
 
7.1. INTRODUCTION 
 
The two previous chapters rigorously assessed the role and performance of Asia-Pacific, 
European and US UPFs in the context of domestic investment frameworks. This chapter builds 
upon the analyses of the previous chapters to explore the risk-adjusted performance 
characteristics (via the return-to-risk ratio) and dynamics of UPFs relative to other mainstream 
asset classes in regional and global investment contexts. In assessing the role of UPFs in a 
regional investment strategy, a cross-jurisdictional and region-wide methodological framework 
is adopted. The cross-jurisdictional framework involves the construction of regional multi-
country property portfolios composed of inter-UPF and multi-medium property assets. This 
enables articulation of the complementary roles of UPF markets and unlisted and listed 
property investment conduits, in a regional context. The region-wide framework involves the 
use of the regional UPF index and various regional UPF sub-indices. Various custom indices 
for stocks and REITs are developed to match the attributes of the regional UPF indices. This 
allows an optimal portfolio to be constructed, which is composed of comparable and equivalent 
regional assets. To investigate the role of UPFs in a global investment strategy, inter-UPF and 
inter-property strategies in the Asia-Pacific, Europe and US are explored. Again, this elucidates 
the interdependency between regional UPF markets and different property investment vehicles. 
This analysis is then extended to assess the role of UPFs in a global mixed-asset investment 
framework. A globally-diversified UPF index is utilised, along with global mainstream asset 
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classes, namely REITs, stocks, and bonds. Lastly, a summary of the significance and 
performance of UPFs in regional and international contexts is presented. 
 
7.2. UPFs IN ASIA-PACIFIC INTER-PROPERTY AND MIXED-ASSET 
INVESTMENT STRATEGIES 
The risk-adjusted performance and diversification benefits of three UPF markets in the Asia-
Pacific region, namely Japan, China and Australia, are assessed over Q2:2010-Q4:2015, as 
shown in Chapter 5. An inter-UPF portfolio composed of UPFs from these three markets is 
constructed and assessed. Further, a multi-medium property portfolio, composed of the three 
Asia-Pacific UPF and REIT markets, is developed and examined. For the Asia-Pacific region-
wide format, a broad Asia-Pacific UPF index and two additional regional sub-indices are used. 
Equivalent indices for REITs and stocks are developed that match the UPF indices. Similarly, 
the risk-adjusted performance and diversification benefits of UPFs in a regional investment 
context are assessed. To ensure consistency and comparability between the different Asia-
Pacific markets, US$-denominated total return performance series is used. 
 
7.2.1. UPFs in an Asia-Pacific Inter-property Investment Strategy 
7.2.1.1. Risk-adjusted Performance Analysis 
Table 7.1 assesses and compares the risk-adjusted performance of three UPF markets in the 
Asia-Pacific over Q2:2010-Q4:2015. Without adjustment for valuation-smoothing bias, it is 
obvious that the UPF market in China delivered the highest average annual returns (9.38% 
p.a.), with Australia (6.55% p.a.) and Japan (0.53% p.a.) trailing behind. Interestingly, China 
(8.28%) also delivered its strong annual return with the lowest exposure to risk, while Australia 
was the riskiest UPF market (12.44%). On the other hand, Japan’s risk level (10.50%) was 
positioned between that of China and Australia. Risk-adjusted returns indicated that China was 
the best-performing UPF market, with Australia in second place. Given their poor annual 
returns, Japan was ranked last in the risk-adjusted rankings.  
 
When smoothing bias was removed from all UPF data series, the annual returns of Asia-Pacific 
UPF markets were approximately twice as volatile, and risk-adjusted returns were effectively 
reduced to one-quarter of the performance seen in the smoothed series. The adjusted Japan 
UPF market reduced by 0.84%, causing it to be excluded from the risk-adjusted analysis. China 
284 
 
(return-to-risk ratio = 0.45) maintained with the highest risk-adjusted performance, while 
Australia (return-to-risk ratio = 0.18) was ranked in second place. 
 
Table 7.1 Asia-Pacific Single-country UPF Risk-adjusted Performance: Q2:2010-
Q4:2015 
 Average annual 
return 
Annual risk Return / risk 
ratio 
Rank 
China  9.38% 8.28% 1.13 1 
Japan  0.53% 10.50% 0.05 5 
Australia  6.55% 12.44% 0.53 2 
Ds-China  7.98% 17.62% 0.45 3 
Ds-Japan  -0.84% 22.39% NA NA 
Ds-Australia  5.12% 28.82% 0.18 4 
 
To further complement the risk-adjusted analysis of UPF markets in China, Japan and 
Australia, the risk and return figures were plotted in a scatter diagram (Figure 7.1) to enable 
peer comparison. The risk and return profile of the smoothing-corrected UPF market data was 
also included to understand the impact of valuation-smoothing on individual UPF market data. 
The UPF markets of China and Australia were positioned in the upper-left quadrant; this 
signifies a high annual return performance relative to low exposure to volatility. In contrast, 
the UPF market in Japan was positioned in the lower-left quadrant, which represents an 
investment with low risk-return attributes. 44T he impact of de-smoothing the UPF series is 
readily observable in the risk-return diagram. All UPF markets exhibited rightward-shifting on 
the x-axis due to increased risk levels. Interestingly, the filtered Cn-UPF series was still located 
in the same quadrant as the smoothed series, hence, either in smoothed or de-smoothed form, 
UPF market data from China indicate that Cn-UPFs still offer an attractive risk-return trade-
off relative to other Asia-Pacific UPF markets. The Au-UPF series was positioned in the high 
return/high risk quadrant after undergoing the statistical filtering process. Meanwhile, Jp-UPFs 
were undesirable, reaching negative return territory and having an above-average risk level.44T  
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Figure 7.1 Asia-Pacific Single-country UPF Risk and Return Diagram: Q2:2010-Q4:2015 
 
 
Table 7.2 presents the inter-asset correlation matrix over Q2:2010-Q4:2015 between three 
Asia-Pacific UPF markets in both smoothed (Panel A) and de-smoothed (Panel B) formats. 
Overall, the unadjusted Asia-Pacific UPF data (Panel A) were mildly correlated with each 
other, with correlation coefficients ranging from r = -0.17 to 0.23. Specifically, Cn-UPFs 
exhibited greater diversification benefits with Jp-UPFs (r = -0.17) than with Au-UPFs (r = 
0.23). Also, Au-UPFs were weakly correlated with their Japanese counterparts (r = 0.04) over 
the the period of the study, suggestive of excellent diversification benefits between these two 
UPF markets. With the Asia-Pacific UPF series corrected for smoothing-bias, the impact on 
correlation coefficients was mixed. For instance, the adjusted series improved the 
diversification benefits between China and Australia (r = 0.20 versus r = 0.23), but reduced 
diversification benefits were evident between China and Japan (r = 0.04 versus r = -0.17). UPF 
markets in Australia and Japan also had marginally lesser diversification benefits according to 
the adjusted data (r = 0.10 versus r = 0.04). 
 
 
 
 
-2%
0%
2%
4%
6%
8%
10%
0% 5% 10% 15% 20% 25% 30% 35%
Re
tur
n
Risk
China UPFs Japan UPFs Australia UPFs
Ds China UPFs Ds Japan UPFs Ds Australia UPFs
Average return
and risk
286 
 
Table 7.2 Asia-Pacific Single-country UPF Correlation Matrix: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
  China  Japan  Australia  
China  1.00   
Japan  -0.17 1.00  
Australia  0.23 0.04 1.00 
Panel B: De-smoothed UPF series  
  China  Japan  Australia  
China  1.00   
Japan  0.04 1.00  
Australia  0.20 0.10 1.00 
*: significant correlation (P < 0.05) 
 
The correlation analysis was then extended to measure the potential for international 
diversification in inter-UPF, inter-REIT and inter-stock investment contexts. Figure 7.2 
compares the coefficients of cross-correlations between UPF, REIT and stock markets. With 
the unadjusted UPF series (Panel A), the average cross-correlation coefficient between UPF 
markets was r = 0.03, highlighting the effective diversification achievable in an Asia-Pacific 
inter-UPF investment strategy. In contrast, diversification within the various Asia-Pacific REIT 
jurisdictions was not justifiable, given the strong relationship amongst the three REIT markets, 
which had an average correlation coefficient of r = 0.49. Inferior diversification benefits also 
resulted from an international inter-stock investment approach, where a strong average 
correlation of r = 0.46 was recorded. When smoothing bias was factored in (Panel B), the 
benefits of diversification between regional UPFs were slightly reduced, with an average 
correlation of r = 0.11. Be that as it may, the difference between using the smoothed and de-
smoothed data series is small. Hence, this confirms the viability of achieving diversification 
through regional UPFs in the context of Asia-Pacific inter-property investment. 
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Figure 7.2 Asia-Pacific Single-country Correlations: UPFs vs REITs vs Stocks:   
Q2:2010-Q4:2015 
 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
 
 
7.2.1.2. Inter-UPF Portfolio Analysis 
Table 7.3 presents the compositions of optimised inter-UPF portfolios constructed via mean-
variance optimisation using unadjusted (Panel A) and smoothing-adjusted (Panel B) Asia-
Pacific UPF data, alongside estimated portfolio return and risk over Q2:2010-Q4:2015. Figure 
7.3 highlights individual UPF markets’ compositions in the optimised portfolios relative to 
portfolio risk levels.  
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Based on the unadjusted series (Panel A), portfolio returns varied from 5.83-9.38% p.a. 
Portfolio risk levels ranged from 5.73-8.28% at the most conservative and optimistic risk-return 
levels, respectively. The overall asset allocation of the optimal portfolio revealed the important 
role of the Chinese UPF market in shaping regional UPF portfolio return and risk profiles 
throughout the entire risk-return spectrum. Much lesser roles were played by the property 
markets of Japan and Australia. In achieving optimal portfolio efficiency, mean-variance 
optimisation suggested that more than three-quarters of the portfolio market share should be 
allocated to Cn-UPFs, with the remainder to Jp-UPFs and Au-UPFs. In the context of Asia-
Pacific inter-UPF investment strategies, this greater role of Cn-UPFs is not surprising given 
their strong risk-adjusted performance, which outperformed the two developed countries’ 
markets over the full sample period. 
 
The use of filtered UPF data (Panel B) caused a significant change in the asset composition of 
the optimised portfolio. Again, the mix is less focused on the developed Asia-Pacific UPF 
markets; using smoothing-adjusted data, Jp-UPFs were struck out altogether from the optimal 
portfolio due to their negative returns. In Australia, the marked and significant increase in risk 
had a detrimental effect in the role of Au-UPFs across the entire risk-return spectrum. There 
was a reduction in the already-low average allocation of Au-UPFs (7.9% versus 10.1%). In 
contrast, the lack of exposure in developed Asia-Pacific UPF markets means there was a much 
stronger role for Cn-UPFs, which increased in average allocation from 78.7% to 92.1%. It is 
also noteworthy that the use of the filtered UPF data series caused the average portfolio risk 
level to more than double compared to using the unadjusted data (16.94% versus 7.01%), 
thereby reducing risk-adjusted performance.  
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Table 7.3 Asia-Pacific Inter-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total China Japan Australia 
Portfolio 
return 
Portfolio  
risk 
100% 51.7% 36.3% 12.0% 5.83% 5.73% 
100% 63.8% 24.3% 11.9% 6.89% 5.99% 
100% 68.9% 19.2% 11.8% 7.35% 6.24% 
100% 73.0% 15.2% 11.8% 7.71% 6.50% 
100% 76.6% 11.7% 11.8% 8.02% 6.75% 
100% 79.8% 8.5% 11.7% 8.30% 7.01% 
100% 82.8% 5.5% 11.7% 8.56% 7.26% 
100% 85.6% 2.7% 11.7% 8.81% 7.52% 
100% 88.3% 0.1% 11.7% 9.05% 7.77% 
100% 94.9% 0.0% 5.1% 9.24% 8.02% 
100% 100.0% 0.0% 0.0% 9.38% 8.28% 
Average 78.7% 11.2% 10.1% 8.10% 7.01% 
Panel B: De-smoothed UPF series 
Total China Japan Australia 
Portfolio 
return 
Portfolio  
risk 
100% 75.2% 0.0% 24.8% 7.27% 16.27% 
100% 86.8% 0.0% 13.2% 7.56% 16.40% 
100% 87.8% 0.0% 12.2% 7.63% 16.54% 
100% 89.9% 0.0% 10.1% 7.69% 16.67% 
100% 91.8% 0.0% 8.2% 7.74% 16.81% 
100% 93.4% 0.0% 6.6% 7.79% 16.94% 
100% 94.9% 0.0% 5.1% 7.83% 17.08% 
100% 96.3% 0.0% 3.7% 7.87% 17.21% 
100% 97.6% 0.0% 2.4% 7.91% 17.35% 
100% 98.8% 0.0% 1.2% 7.95% 17.48% 
100% 100.0% 0.0% 0.0% 7.98% 17.62% 
Average 92.1% 0.0% 7.9% 7.75% 16.94% 
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Figure 7.3 Asia-Pacific Inter-UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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7.2.1.3. Multi-medium Property Portfolio Analysis 
Table 7.4 depicts the optimal Asia-Pacific property portfolio encompassing UPFs and REITs 
in China, Japan and Australia over Q2:2010-Q4:2015. Given the excellent cross-diversification 
benefits demonstrated for UPF markets in the previous analysis, the construction of this optimal 
portfolio (composed of both unlisted and listed property investment conduits across three 
jurisdictions) is important for determining whether these two property vehicles can 
complement each other to enhance regional property portfolio performance. Figure 7.4 
illustrates the composition of the mean-variance-optimised portfolios relative to their risk 
levels. 
 
Without the extra volatility injected into the UPF series (Panel A), the portfolios’ expected 
returns and risks varied from 7.01% p.a. and 4.80%, respectively, at the most conservative 
point, to 17.61% p.a. and 16.12% at the most optimistic point. The average portfolio returns 
and risks, across the efficient portfolios, were 13.68% p.a. and 10.46%, respectively. As evident 
from the result, the Chinese property market (both UPFs and REITs) was the foundational 
component in shaping the regional property portfolio, manifested by the exceptional risk-
adjusted performance of both Chinese property investment vehicles. As for Japan, identifiable 
weightings for Jp-UPF and Jp-REIT sectors were evident too, but were limited at the lower end 
of the portfolio risk-return spectrum. The Australian property market was represented by UPFs 
from the low to mid-range of the risk-return spectrum, but the same cannot be said for REITs, 
which were not allocated at all within the optimal portfolio. 
 
The injected volatility in the adjusted UPF series (Panel B) resulted in a slightly higher average 
portfolio risk level (11.20% versus 10.46%). The adjustment resulted in the three Asia-Pacific 
UPF markets delivering a comparable risk-return trade-off as that of regional REITs; 
diminishing the lower volatility advantage seen in the unadjusted series. The combination of 
these factors caused the mean-variance optimisation to cede some allocations from UPFs 
(33.6% versus 38.70%) to REITs (66.4% versus 61.3%). Notwithstanding this, the Chinese 
property market still dominated the majority of portfolio allocations, via UPFs and REITs. Jp-
UPFs were excluded altogether, given their negative returns shown over the time series, 
although Jp-REITs were allocated. The absence of Jp-UPFs resulted in increased allocations 
of Au-UPFs with small proportions of Au-REITs in the conservative portfolio. 
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Table 7.4 Asia-Pacific Multi-medium Property Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 UPFs REITs Portfolio 
Total Ch Jp Au Ch Jp Au Return Risk 
100% 31.7% 30.9% 17.6% 9.7% 10.1% 0.0% 7.01% 4.80% 
100% 37.9% 10.6% 19.1% 25.0% 7.5% 0.0% 10.01% 5.93% 
100% 40.9% 0.7% 19.8% 32.4% 6.2% 0.0% 11.47% 7.06% 
100% 39.4% 0.0% 14.3% 43.7% 2.7% 0.0% 12.59% 8.19% 
100% 37.5% 0.0% 9.4% 53.1% 0.0% 0.0% 13.48% 9.32% 
100% 33.6% 0.0% 5.1% 61.3% 0.0% 0.0% 14.28% 10.46% 
100% 30.0% 0.0% 1.2% 68.8% 0.0% 0.0% 15.01% 11.59% 
100% 23.2% 0.0% 0.0% 76.8% 0.0% 0.0% 15.70% 12.72% 
100% 15.2% 0.0% 0.0% 84.8% 0.0% 0.0% 16.36% 13.85% 
100% 7.5% 0.0% 0.0% 92.5% 0.0% 0.0% 16.99% 14.98% 
100% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 17.61% 16.12% 
Average 27.0% 3.8% 7.9% 58.9% 2.4% 0.0% 13.68% 10.46% 
Panel B: De-smoothed UPF series 
 UPFs REITs Portfolio 
Total Ch Jp Au Ch Jp Au Return Risk 
100% 43.3% 0.0% 30.5% 8.8% 12.0% 5.4% 7.83% 6.27% 
100% 39.8% 0.0% 18.9% 33.8% 7.6% 0.0% 10.60% 7.26% 
100% 37.7% 0.0% 13.6% 43.5% 5.2% 0.0% 11.69% 8.24% 
100% 36.0% 0.0% 9.1% 51.6% 3.3% 0.0% 12.60% 9.23% 
100% 34.4% 0.0% 5.1% 58.9% 1.6% 0.0% 13.42% 10.21% 
100% 32.8% 0.0% 1.4% 65.8% 0.0% 0.0% 14.20% 11.20% 
100% 27.2% 0.0% 0.0% 72.8% 0.0% 0.0% 14.94% 12.18% 
100% 20.0% 0.0% 0.0% 80.0% 0.0% 0.0% 15.64% 13.16% 
100% 13.2% 0.0% 0.0% 86.8% 0.0% 0.0% 16.31% 14.15% 
100% 6.5% 0.0% 0.0% 93.5% 0.0% 0.0% 16.97% 15.13% 
100% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 17.61% 16.12% 
Average 26.4% 0.0% 7.1% 63.2% 2.7% 0.5% 13.80% 11.20% 
 
 
 
 
 
 
 
 
293 
 
Figure 7.4 Asia-Pacific Multi-medium Property Efficient Frontier Compositions:  
Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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Overall, the results show the UPF market in China delivered the highest average annual return 
performance and the lowest risk level over the study period. This translates into higher 
allocation to Cn-UPF, as observed in the inter-UPF portfolio analysis. When the optimal asset 
allocation analysis was extended to construct a multi-medium property portfolio, both Cn-
UPFs and Cn-REITs dominated the entire portfolio risk-return band. This strong performance 
demonstrated by the property market in China is a manifestation of the strong capital inflow 
into the Chinese property market, evident by the robust acquisition and development activities 
in recent years, as global institutional investors are seeking to diversify from the traditional 
developed Asia-Pacific property markets. 
 
7.2.2. UPFs in an Asia-Pacific Regional Mixed-asset Investment Strategy 
The previous section highlighted the performance and role of individual domestic UPF markets 
in China, Japan and Australia in the context of regional inter-UPF and inter-property 
investment strategies. This section extends the analysis of the previous sections by highlighting 
the performance and value benefits of incorporating Asia-Pacific UPFs in an Asia-Pacific 
mixed-asset portfolio. Several Asia-Pacific regional UPF sub-indices are utilised, namely: the 
Asia-Pacific ex. Australia UPF index, and the Asia-Pacific ex. Australia and Japan UPF index. 
The exclusion of Australia and Japan resulted in the regional sub-indices comprised of smaller 
UPF markets in Asia-Pacific (e.g.: China, Singapore, Hong Kong, New Zealand) Equivalent 
time series for regional REITs and the stock market were constructed as proxies for listed 
property and stock asset classes, for both region-specific and overall Asia-Pacific markets. 
 
7.2.2.1. Risk-adjusted Performance Analysis 
Table 7.5 tabulates the risk-adjusted performance analysis of Asia-Pacific UPFs and other 
Asia-Pacific asset classes over Q2:2010-Q4:2015. Several interesting results can be seen from 
this analysis. In terms of annual return performance, each Asia-Pacific UPF index provided on 
average 65% higher annual return compared to the broad and region-specific equity indices but 
underperformed the equivalent Asia-Pacific REITs annual return by only 18%. 
Notwithstanding their underperformance against REITs, the annual return of Asia-Pacific 
UPFs was delivered with noticeably lower exposure to risk; being 66% and 65% lower 
compared with the equivalent stock and REIT risk levels, respectively. Except for the broadest 
Asia-Pacific UPF index, all non-adjusted Asia-Pacific UPF markets surpassed their equivalent 
stock and REIT indices on the risk-adjusted return measure.  
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Within the various non-adjusted Asia-Pacific UPF indices, it is clearly observable that the 
omission of Au-UPFs and, to a lesser extent, Jp-UPFs, in the construction of the Asia-Pacific 
UPF regional sub-indices has resulted in a noticeable performance enhancement. For instance, 
the fully-fledged Asia-Pacific UPF index gave 7.34% p.a. in annual returns attached to a risk 
level of 8.03%. With both the Jp-UPF and Au-UPF markets excluded, the Asia-Pacific ex. 
Australia and Japan UPF index (AP-ex Au & Jp) delivered the highest average return (9.43% 
p.a.) at comparatively low risk (4.42%), and was the best-performing UPF index on a risk-
adjusted basis. The inclusion of Jp-UPFs in the index, this being the Asia-Pacific ex. Australia 
UPF index (AP-ex Au), gave an annual return of 7.77% p.a. at a marginally lower risk level of 
3.67%. This placed it in 2PndP place on the risk-adjusted rankings. This result is not out of the 
ordinary, as the previous sections also highlighted the lacklustre performance of UPF markets 
in Japan and Australia. 
 
Table 7.5 Asia-Pacific Regional UPF Risk-adjusted Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Rank 
Smoothed UPF series     
Asia-Pacific 7.34% 8.03% 0.91 6 
Asia-Pacific ex. Australia 7.77% 3.67% 2.12 2 
Asia-Pacific ex. Australia and Japan 9.43% 4.42% 2.13 1 
De-smoothed UPF series     
Asia-Pacific 6.63% 18.67% 0.36 11 
Asia-Pacific ex. Australia 7.69% 7.91% 0.97 4 
Asia-Pacific ex. Australia and Japan 9.00% 9.41% 0.96 5 
REITs     
Asia-Pacific 9.65% 15.53% 0.62 8 
Asia-Pacific ex. Australia 10.99% 15.36% 0.72 7 
Asia-Pacific ex. Australia and Japan 9.48% 16.05% 0.59 9 
Stocks     
Asia-Pacific 3.62% 15.74% 0.23 13 
Asia-Pacific ex. Australia 5.97% 15.29% 0.39 10 
Asia-Pacific ex. Australia and Japan 5.07% 17.04% 0.30 12 
Bonds 1.07% 3.53% 0.30 3 
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With the indices filtered to remove smoothing-bias, the adjusted indices registered an increased 
risk level, on average, by a factor of 2.23. Notwithstanding this extra exposure to risk, regional 
UPF sub-indices, namely AP-ex Au and AP-ex Au & Jp index, maintained their 
outperformance of the equivalent REIT and equity indices. The broadest Asia-Pacific UPF 
index, however, recorded mediocre performance given the extra volatility in the adjusted index. 
It underperformed all REITs and most of the stock market indices on a risk-adjusted basis. 
 
Figure 7.5 plots the risk versus return of various Asia-Pacific UPF, REIT and stock indices 
over Q2:2010-Q4:2015. Most of the Asia-Pacific UPF indices, both in adjusted and unadjusted 
forms, are positioned in the upper-left section of the risk-return diagram, with the exception of 
the de-smoothed, broad, Asia-Pacific UPF index44T. This is the superior quadrant for investment, 
with outsized returns obtained with minimal exposure to risk. On the other hand, the higher-
yielding characteristics of the Asia-Pacific REIT indices saw them positioned in the upper-
right corner of the scatter plot, which is the normal quadrant for 44Tinvestments with 44Thigher risk-
return trade-offs. In contrast, the poor average annual return performance (4.88% p.a.) coupled 
with extreme volatility (average annual risk = 16.03%) of various Asia-Pacific stock indices 
inevitably caused them to be positioned in the lower-right quadrant. Simply put, they were 
unable to produce returns that would justify their high volatility. 
 
Figure 7.5 Asia-Pacific Regional UPF Risk and Return Diagram: Q2:2010-Q4:2015 
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Table 7.6 presents the inter-asset correlation matrix between the various Asia-Pacific regional 
UPF indices and their equivalent Asia-Pacific mainstream asset classes over Q2:2010-
Q4:2015. The differences in diversification benefits according to the unfiltered (Panel A) and 
filtered (Panel B) Asia-Pacific UPF indices are also highlighted. 
 
Over this period, the various Asia-Pacific UPF markets exhibited low correlations with all 
mainstream Asia-Pacific asset classes. This signifies they are good portfolio diversifiers in a 
regional mixed-asset framework. For instance, the broad AP UPF market was mildly and 
inversely correlated with its equivalent REIT market (r = -0.28), while the AP-ex Au and AP-
ex Au & Jp UPFs were weakly and positively correlated with their equivalent REIT markets, 
recording correlation coefficients of r = 0.11 and r = 0.14, respectively. This presents a strong 
case for inter-property investment between regional UPF and REIT markets. In addition, 
regional UPF indices also exhibited weaker linear relationships with their equivalent equity 
market indices. The broad AP UPFs gave superior diversification with stocks (r = -0.36) 
compared with AP REITs and stocks (r = 0.78). Similar results were observed for the AP-ex 
Au and AP-ex Au & Jp UPF indices and their equivalent equity markets (r = 0.11 and r = 
0.15). These benefits were not seen between the AP-ex Au and AP-ex Au & Jp REIT markets 
and their equivalent equity markets (r = 0.72 and r = 0.86, respectively). 
 
Filtering the various Asia-Pacific regional UPF indices from smoothing bias (Panel B) did not 
significantly alter the diversification benefit characteristics. However, it is noteworthy that the 
filtered series showed some degree of inverse relationship with their equivalent mainstream 
asset data. Hence, either smoothed or de-smoothed, the overall result indicates that Asia-Pacific 
regional UPF markets were able to co-exist efficiently with mainstream regional asset classes 
in a mixed-asset framework. 
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Table 7.6 Asia-Pacific Regional UPF Correlation Matrix: Q2:2010-Q4:2015  
Panel A: Smoothed UPF series 
 AP UPFs AP-ex Au UPFs 
AP-ex 
Au & Jp 
UPFs 
AP 
REITs 
AP-ex 
Au 
REITs 
AP-ex 
Au & Jp 
REITs 
AP 
Stocks 
AP-ex 
Au 
Stocks 
AP-ex 
Au&JP 
Stocks 
AP 
Bonds 
AP UPFs 1.00          
AP-ex Au UPFs 0.65* 1.00         
AP-ex Au & Jp 
UPFs 0.66* 0.94* 1.00        
AP REITs -0.28 0.16 0.13 1.00       
AP-ex Au 
REITs 
-0.27 0.11 0.10 0.94* 1.00      
AP-ex Au & Jp 
REITs 
-0.18 0.18 0.14 0.91* 0.89* 1.00     
AP Stocks -0.36 0.07 0.02 0.78* 0.74* 0.78* 1.00    
AP-ex Au 
Stocks 
-0.29 0.11 0.07 0.76* 0.72* 0.81* 0.98* 1.00   
AP-ex Au&JP 
Stocks 
-0.21 0.18 0.15 0.79* 0.73* 0.86* 0.94* 0.98* 1.00  
AP Bonds 0.04 0.10 0.08 0.45* 0.41* 0.42* 0.00 0.00 0.13 1.00 
*: significant correlation (P < 0.05) 
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Panel B: De-smoothed UPF series 
 AP UPFs AP-ex Au-UPFs 
AP-ex 
Au & Jp 
UPFs 
AP 
REITs 
AP-ex 
Au 
REITs 
AP-ex 
Au & Jp 
REITs 
AP 
Stocks 
AP-ex 
Au 
Stocks 
AP-ex 
Au&JP 
Stocks 
AP 
Bonds 
AP UPFs 1.00          
AP-ex Au-
UPFs 0.65* 1.00         
AP-ex Au & Jp 
UPFs 0.66* 0.93* 1.00        
AP REITs -0.58* -0.08 -0.13 1.00       
AP-ex Au 
REITs 
-0.54* -0.14 -0.16 0.94* 1.00      
AP-ex Au & Jp 
REITs 
-0.46* -0.06 -0.14 0.91* 0.89* 1.00     
AP Stocks -0.60* -0.17 -0.26 0.78* 0.74* 0.78* 1.00    
AP-ex Au 
Stocks 
-0.54* -0.14 -0.22 0.76* 0.72* 0.81* 0.98* 1.00   
AP-ex Au & Jp 
Stocks 
-0.48* -0.07 -0.15 0.79* 0.73* 0.86* 0.94* 0.98* 1.00  
AP Bonds -0.10 0.09 0.06 0.45* 0.41* 0.42* 0.00 0.00 0.13 1.00 
*: significant correlation (P < 0.05) 
300 
 
7.2.2.2. Mixed-asset Portfolio Analysis 
Table 7.7 and Figure 7.6 present the Asia-Pacific regional mixed-asset optimal portfolio 
analysis, and particularly highlight the role of AP UPFs in enhancing portfolio performance. 
The difference in portfolio weighting between the smoothed (Panel A) and de-smoothed (Panel 
B) AP UPF series is also highlighted.  
 
In Panel A, at the most conservative portfolio risk-return level of the Asia-Pacific regional 
mixed-asset framework, AP UPFs were prominently weighted, and coexisted with AP 
government bonds and AP stocks. With increasing risk-return levels, AP stocks were removed 
entirely from the portfolio, while AP government bonds were gradually replaced by AP UPFs. 
This is not unexpected, given the stronger annual returns earned at a comparatively less 
volatility for AP UPFs estimated using the smoothed AP UPF index. This translated into higher 
weightings in the conservative range of the risk-return spectrum. The much higher-yielding AP 
REITs were the dominant component of the regional mixed-asset portfolio at the moderate to 
the most optimistic risk-return levels. This may be explained by the higher volatility of regional 
REIT markets in the Asia-Pacific, which has resulted in them being significantly allocated only 
at the upper-end of the optimised portfolios. At this stage, it is also noteworthy that the portfolio 
was dominated entirely by listed and unlisted property assets.  
 
The average allocation for AP UPFs was almost halved (19.2% versus 31.3%) as a result of 
de-smoothing the AP UPF series (Panel B). Larger weightings were also visible for AP 
government bonds in conservative portfolios, seeing this asset-class play a larger role in 
shaping the risk-return profile at the conservative risk-return level of the optimised regional 
mixed-asset portfolio. AP REITs maintained their domination in the upper-half of the risk-
return spectrum, showing slightly higher allocation than that seen in Panel A. Nonetheless, 
using the adjusted data, large allocations were still evident for AP UPFs, and these occurred 
across the entire risk-return spectrum. AP UPFs (19.2%) had higher average allocations than 
AP bonds (16.6%) and AP equity markets (2.1%), and were only beaten by AP REITs (62.1%). 
Overall, this result suggests that AP UPFs are a viable alternative asset class that can act as an 
excellent portfolio diversifier in a regional mixed-asset investment framework.  
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Table 7.7 AP UPF Mixed-asset Portfolio Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total AP Stocks AP Bonds AP REITs AP UPFs Portfolio 
return 
Portfolio 
risk 
100% 7.2% 74.2% 0.0% 18.5% 2.41% 3.07% 
100% 5.9% 35.3% 11.2% 47.6% 5.16% 4.32% 
100% 0.0% 13.2% 24.4% 62.4% 7.08% 5.56% 
100% 0.0% 0.0% 41.1% 58.9% 8.29% 6.81% 
100% 0.0% 0.0% 53.0% 47.0% 8.56% 8.05% 
100% 0.0% 0.0% 62.3% 37.7% 8.78% 9.30% 
100% 0.0% 0.0% 70.5% 29.5% 8.97% 10.55% 
100% 0.0% 0.0% 78.3% 21.7% 9.15% 11.79% 
100% 0.0% 0.0% 85.7% 14.3% 9.32% 13.04% 
100% 0.0% 0.0% 92.9% 7.1% 9.48% 14.28% 
100% 0.0% 0.0% 100.0% 0.0% 9.65% 15.53% 
Average 1.2% 11.2% 56.3% 31.3% 7.89% 9.30% 
Panel B: De-smoothed UPF series 
Total AP Stocks AP Bonds AP REITs AP UPFs Portfolio 
return 
Portfolio 
risk 
100% 10.7% 79.7% 0.0% 9.6% 1.87% 3.05% 
100% 9.1% 51.9% 17.4% 21.6% 3.99% 4.30% 
100% 3.6% 34.2% 33.6% 28.6% 5.63% 5.54% 
100% 0.0% 16.3% 48.0% 35.7% 7.17% 6.79% 
100% 0.0% 0.0% 62.3% 37.7% 8.51% 8.04% 
100% 0.0% 0.0% 72.4% 27.6% 8.82% 9.29% 
100% 0.0% 0.0% 79.1% 20.9% 9.02% 10.54% 
100% 0.0% 0.0% 84.9% 15.1% 9.19% 11.79% 
100% 0.0% 0.0% 90.2% 9.8% 9.35% 13.03% 
100% 0.0% 0.0% 95.2% 4.8% 9.50% 14.28% 
100% 0.0% 0.0% 100.0% 0.0% 9.65% 15.53% 
Average 2.1% 16.6% 62.1% 19.2% 7.52% 9.30% 
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Figure 7.6 AP UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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The earlier unconstrained mean-variance optimisation analysis resulted in extremely high 
allocations of AP UPFs and AP REITs. To resolve this issue, a constrained mean-variance 
analysis was performed, whereby the total allocation for AP UPFs and AP REITs was capped 
at 10%; reflecting a realistic institutional investor portfolio property allocation. Table 7.8 and 
Figure 7.7 report the constrained mean-variance optimisation results for both the unadjusted 
(Panel A) and adjusted (Panel B) AP UPF series in a regional mixed-asset framework. 
 
Compared to the previous unrestricted mean-variance model, the constrained mixed-asset 
portfolio took a significant performance hit throughout the risk-return spectrum, particularly in 
the band where, previously, both AP UPFs and AP REITs were prominently allocated. 
Nonetheless, the allocation cap still resulted in significant roles for UPFs according to both 
smoothed (Panel A) and de-smoothed data (Panel B), across three-quarters of the portfolio risk-
return spectrum. The majority of the 10% limit was allocated to AP UPFs. The higher-yielding 
AP REITs were more favoured at the higher-end of the risk-return spectrum, suggesting that 
further performance enhancement could be achieved through AP-REITs’ greater risk-return 
trade-off within the confines of the 10% allocation cap. It is also apparent that, with the limited 
exposure to AP property assets, regional bonds and equities assumed a more proactive role in 
shaping portfolio risk-return profiles. Accordingly, bonds dominated the lower half of the 
portfolio risk-return spectrum, and were gradually taken over by AP stocks as the risk level 
increased.  
 
De-smoothing the AP UPF series had a minimal impact on the average allocation (8.6% versus 
8.9%). Thus, in this constrained portfolio analysis, AP UPFs, according to either smoothed or 
de-smoothed data, played a significant role in optimised portfolios at the low-to-medium end 
of the risk-return spectrum. Hence, with or without constraint, AP UPFs offer significant value 
in regional mixed-asset investment portfolios.  
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Table 7.8 AP UPF Mixed-asset Portfolio Allocation with Constraints: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total AP Stocks AP Bonds AP REITs AP UPFs Portfolio 
return 
Portfolio 
risk 
100% 6.1% 83.9% 0.0% 10.0% 1.85% 3.15% 
100% 25.0% 65.0% 0.0% 10.0% 2.33% 4.38% 
100% 34.8% 55.2% 0.0% 10.0% 2.58% 5.61% 
100% 43.7% 46.3% 0.0% 10.0% 2.81% 6.83% 
100% 52.1% 37.9% 0.0% 10.0% 3.02% 8.06% 
100% 60.2% 29.8% 0.0% 10.0% 3.23% 9.28% 
100% 68.2% 21.8% 0.0% 10.0% 3.43% 10.51% 
100% 76.1% 13.9% 0.0% 10.0% 3.63% 11.73% 
100% 84.0% 6.0% 0.0% 10.0% 3.83% 12.96% 
100% 90.0% 0.0% 1.9% 8.1% 4.03% 14.18% 
100% 90.0% 0.0% 10.0% 0.0% 4.22% 15.41% 
Average 57.3% 32.7% 1.1% 8.9% 3.18% 9.28% 
Panel B: De-smoothed UPF series 
Total AP Stocks AP Bonds AP REITs AP UPFs Portfolio 
return 
Portfolio 
risk 
100% 10.7% 79.7% 0.0% 9.6% 1.87% 3.05% 
100% 29.6% 60.4% 0.0% 10.0% 2.38% 4.28% 
100% 39.4% 50.6% 0.0% 10.0% 2.63% 5.52% 
100% 48.3% 41.7% 0.0% 10.0% 2.85% 6.76% 
100% 56.7% 33.3% 0.0% 10.0% 3.07% 7.99% 
100% 64.9% 25.1% 0.0% 10.0% 3.28% 9.23% 
100% 72.9% 17.1% 0.0% 10.0% 3.48% 10.46% 
100% 80.9% 9.1% 0.0% 10.0% 3.68% 11.70% 
100% 88.8% 1.2% 0.0% 10.0% 3.89% 12.94% 
100% 90.0% 0.0% 4.7% 5.3% 4.06% 14.17% 
100% 90.0% 0.0% 10.0% 0.0% 4.22% 15.41% 
Average 61.1% 28.9% 1.3% 8.6% 3.22% 9.23% 
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Figure 7.7 AP UPF Efficient Frontier Compositions with Constraints: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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The previous section established the leading role of broad Asia-Pacific UPFs in a regional 
mixed-asset investment strategy. This section extends the analysis of the previous section by 
assessing AP-ex Au UPFs within a regional mixed-asset framework. The portfolio was also 
composed of equivalent AP-ex Au REITs and stocks. Broad AP bonds were utilised as a proxy 
for a low-risk asset-class in this regional mixed-asset portfolio. Results for both the unadjusted 
(Panel A) and adjusted (Panel B) UPF data series are presented in Table 7.9 and Figure 7.8. 
 
With the stronger risk-adjusted performance of AP-ex Au UPFs and REITs compared to the 
previous broad AP indices, it was not unexpected to see unlisted and listed property assets 
taking a more significant role in this regional investment context. There was a significant 
presence of unadjusted AP-ex Au UPFs in the mixed-asset portfolio, particularly in portfolios 
with conservative to balanced risk-return profile, with allocations ranging from 8.5-87.2% and 
the average allocation across the risk-return spectrum being 40.9%. On the other hand, the 
higher risk-return characteristics of AP-ex Au REITs were preferred at the higher end of the 
spectrum, as demonstrated by significant weightings in this risk-return level. The lack of 
competition from equivalent financial assets saw REITs only being weighted in the most 
optimistic risk-return portfolio. 
 
The role of AP-ex Au UPFs within a regional mixed-asset investment portfolio varied slightly 
according to the use of smoothed or unsmoothed data series. This is due to the higher risk level 
in the adjusted series. The mean-variance optimisation corrected portfolio allocations by 
reducing exposure to AP-ex Au UPFs, causing the average allocation to fall from 40.9% to 
32.0%. Be that as it may, adjusted AP-ex Au UPFs maintained a significant presence 
throughout the risk-return spectrum. AP bonds and, to a lesser extent, AP-ex Au equities, were 
able to gain some allocation due to the reduced allocation to AP-ex Au UPFs, particularly so 
in the conservative portfolio risk-return framework. Inevitably, the variation in the portfolio 
composition was bound to affect the overall portfolio performance. Compared to the unadjusted 
portfolio, the average portfolio expected returns decreased from 9.20% p.a. to 8.63% p.a., 
together with an increased in the average risk level, from 9.01% to 9.29%.  
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Table 7.9 AP-ex Au UPF Mixed-asset Portfolio Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total 
AP-ex Au 
Stocks 
AP Bonds 
AP-ex Au 
REITs 
AP-ex Au 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 1.8% 51.6% 0.0% 46.6% 4.28% 2.66% 
100% 0.0% 0.0% 12.8% 87.2% 8.19% 3.93% 
100% 0.0% 0.0% 27.3% 72.7% 8.65% 5.20% 
100% 0.0% 0.0% 37.9% 62.1% 8.99% 6.47% 
100% 0.0% 0.0% 47.5% 52.5% 9.30% 7.74% 
100% 0.0% 0.0% 56.6% 43.4% 9.60% 9.01% 
100% 0.0% 0.0% 65.5% 34.5% 9.88% 10.28% 
100% 0.0% 0.0% 74.3% 25.7% 10.16% 11.55% 
100% 0.0% 0.0% 82.9% 17.1% 10.44% 12.82% 
100% 0.0% 0.0% 91.5% 8.5% 10.72% 14.09% 
100% 0.0% 0.0% 100.0% 0.0% 10.99% 15.36% 
Average 0.2% 4.7% 54.2% 40.9% 9.20% 9.01% 
Panel B: De-smoothed UPF series 
Total 
AP-ex Au 
Stocks 
AP Bonds 
AP-ex Au 
REITs 
AP-ex Au 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 5.5% 79.8% 0.0% 14.8% 2.31% 3.21% 
100% 4.6% 40.8% 10.7% 44.0% 5.26% 4.43% 
100% 0.0% 18.8% 22.0% 59.1% 7.17% 5.64% 
100% 0.0% 0.0% 34.0% 66.0% 8.81% 6.86% 
100% 0.0% 0.0% 49.4% 50.6% 9.32% 8.07% 
100% 0.0% 0.0% 59.7% 40.3% 9.66% 9.29% 
100% 0.0% 0.0% 68.7% 31.3% 9.96% 10.50% 
100% 0.0% 0.0% 77.0% 23.0% 10.23% 11.72% 
100% 0.0% 0.0% 84.9% 15.1% 10.49% 12.93% 
100% 0.0% 0.0% 92.5% 7.5% 10.74% 14.14% 
100% 0.0% 0.0% 100.0% 0.0% 10.99% 15.36% 
Average 0.9% 12.7% 54.4% 32.0% 8.63% 9.29% 
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Figure 7.8 AP-ex Au UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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While the previous unconstrained mean-variance optimisation highlighted the important role 
of AP-ex Au UPFs in a regional mixed-asset portfolio, the tendency of the unrestricted mean-
variance model to exclusively or heavily allocate a single asset class reduces the portfolio’s 
diversification benefits. Hence, constrained mixed-asset portfolios were constructed by 
applying a 10% cap on total property assets. Table 7.10 shows the constrained mean-variance 
optimisation of a regional mixed-asset portfolio using smoothed (Panel A) and de-smoothed 
(Panel B) AP-ex Au UPF data. Figure 7.9 shows the asset composition at various regions of 
the risk-return spectrum.  
 
As expected, the imposition of a 10% cap on total property allocation significantly reduced 
overall portfolio return and risk. According to the smoothed data, AP-ex Au UPFs were still 
the dominant property asset, and were mostly allocated at the maximum 10%, except in the 
most optimistic band of the risk-return spectrum. The greater risk-return trade-off provided by 
AP-ex Au REITs was preferred at this level. In the lower-half of the portfolio risk-return 
spectrum, the previous heavy allocation in AP-ex Au UPFs was transformed into bonds. AP-
ex Au stocks had a significant role in the upper half of the portfolio risk-return spectrum, filling 
the void created by the absence of AP-ex Au REITs. The imposition of the 10% cap adversely 
affected portfolio performance; it retained less than half of its annual returns (4.50% p.a. versus 
9.20% p.a.), with no discernible improvement in risk (9.04% versus 9.01%) compared to the 
previous unconstrained mixed-asset portfolio. 
 
The extra volatility in the de-smoothed AP-ex Au UPF series did not cause any perceptible 
increase in the portfolio risk level (4.53% versus 4.50%), as the impact of any induced volatility 
was confined within the 10% allocation. Noteworthily, using adjusted data, AP-ex Au UPFs 
still featured extensively in the constrained asset allocation analysis; having an average 
allocation of 9%, versus AP-ex Au REITs at only 1%. Overall, this portfolio analysis has 
conclusively established the significant role of AP-ex Au UPFs in an Asia-Pacific regional 
(excluding Australia) mixed-asset portfolio. 
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Table 7.10 AP-ex Au UPF Mixed-asset Portfolio Allocation with Constraints: Q2:2010-
Q4:2015 
Panel A: Smoothed UPF series 
Total 
AP-ex Au 
Stocks 
AP Bonds 
AP-ex Au 
REITs 
AP-ex Au 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 4.4% 85.6% 0.0% 10.0% 1.95% 3.16% 
100% 23.3% 66.7% 0.0% 10.0% 2.88% 4.34% 
100% 33.1% 56.9% 0.0% 10.0% 3.36% 5.51% 
100% 41.9% 48.1% 0.0% 10.0% 3.79% 6.69% 
100% 50.2% 39.8% 0.0% 10.0% 4.20% 7.86% 
100% 58.3% 31.7% 0.0% 10.0% 4.59% 9.04% 
100% 66.2% 23.8% 0.0% 10.0% 4.98% 10.21% 
100% 74.0% 16.0% 0.0% 10.0% 5.37% 11.38% 
100% 81.8% 8.2% 0.0% 10.0% 5.75% 12.56% 
100% 89.5% 0.5% 0.0% 10.0% 6.12% 13.73% 
100% 90.0% 0.0% 10.0% 0.0% 6.47% 14.91% 
Average 55.7% 34.3% 0.9% 9.1% 4.50% 9.04% 
Panel B: De-smoothed UPF series 
Total 
AP-ex Au 
Stocks 
AP Bonds 
AP-ex Au 
REITs 
AP-ex Au 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 5.3% 84.7% 0.0% 10.0% 1.99% 3.24% 
100% 24.4% 65.6% 0.0% 10.0% 2.92% 4.40% 
100% 34.2% 55.8% 0.0% 10.0% 3.40% 5.57% 
100% 43.0% 47.0% 0.0% 10.0% 3.83% 6.74% 
100% 51.3% 38.7% 0.0% 10.0% 4.24% 7.91% 
100% 59.3% 30.7% 0.0% 10.0% 4.64% 9.07% 
100% 67.2% 22.8% 0.0% 10.0% 5.02% 10.24% 
100% 75.0% 15.0% 0.0% 10.0% 5.40% 11.41% 
100% 82.7% 7.3% 0.0% 10.0% 5.78% 12.57% 
100% 90.0% 0.0% 0.5% 9.5% 6.16% 13.74% 
100% 90.0% 0.0% 10.0% 0.0% 6.47% 14.91% 
Average 56.6% 33.4% 1.0% 9.0% 4.53% 9.07% 
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Figure 7.9 AP-ex Au UPF Efficient Frontier Compositions with Constraints: Q2:2010-
Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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A similar process of unconstrained Markowitz mean-variance portfolio optimisation was then 
performed to estimate the risk-return enhancement of having AP-ex Au & Jp UPFs in the 
mixed-asset framework (Table 7.11 and Figure 7.10). As seen in Panel A, the four-asset 
optimised portfolio was dominated mainly by unadjusted AP-ex Au & Jp UPFs and AP-ex Au 
& Jp REITs, with AP-ex Au & Jp UPFs being an important component of portfolios at the 
lower bound of the risk-return spectrum. In the most conservative portfolio, AP-ex Au & Jp 
UPFs (38.0%) coexisted with bonds (62.0%) in delivering the optimal portfolio risk-return 
profile, allowing the portfolio to earn 4.24% p.a. with a 2.87% risk level. At the mid-point of 
the risk-return spectrum, the asset composition changed dramatically as the optimisation 
process weighted allocations to AP-ex Au & Jp REITs (56.0%) and UPFs (44.0%), while bonds 
and stocks were excluded. This optimised portfolio earned 9.46% p.a. with 9.46% risk. At the 
most optimistic portfolio risk-return band, the optimal allocation was 100% AP-ex Au & Jp 
REITs. 
 
The extra volatility invoked by the de-smoothing procedure (Panel B) resulted in conservative 
portfolio allocations migrating from AP-ex Au & Jp UPFs into bonds. This is due to the fact 
that an efficient conservative portfolio could not be optimally constructed with the same 
weighting as that based on the smoothed UPF series. This resulted in a reduction in the average 
allocation of AP-ex Au & Jp UPFs from 41.2% to 31.0%. Nonetheless, AP-ex Au & Jp UPFs 
continued to maintain a significant presence throughout the entire portfolio risk-return 
spectrum. The changes in portfolio composition reduced the average expected portfolio returns 
from 8.95% p.a. to 8.02% p.a., with the average risk level increasing from 9.46% to 9.70%.  
 
Overall, this result confirms the added-value benefits of having AP-ex Au & Jp UPFs in a 
regional mixed-asset framework, and presents a strong case for AP-ex Au & Jp UPFs as an 
attractive alternative asset for institutional investors who are seeking exposure in regional 
property assets but want to diversify away from developed property markets in the Asia-
Pacific, such as Australia and Japan 
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Table 7.11 AP-ex Au & Jp UPF Mixed-asset Portfolio Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total 
AP-ex Au 
& Jp 
Stocks 
AP Bonds 
AP-ex Au 
& Jp 
REITs 
AP-ex Au 
& Jp 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 0.0% 62.0% 0.0% 38.0% 4.24% 2.87% 
100% 0.0% 5.1% 3.1% 91.8% 9.00% 4.18% 
100% 0.0% 0.0% 24.5% 75.5% 9.44% 5.50% 
100% 0.0% 0.0% 36.3% 63.7% 9.45% 6.82% 
100% 0.0% 0.0% 46.5% 53.5% 9.45% 8.14% 
100% 0.0% 0.0% 56.0% 44.0% 9.46% 9.46% 
100% 0.0% 0.0% 65.1% 34.9% 9.46% 10.78% 
100% 0.0% 0.0% 74.0% 26.0% 9.47% 12.09% 
100% 0.0% 0.0% 82.8% 17.2% 9.47% 13.41% 
100% 0.0% 0.0% 91.4% 8.6% 9.48% 14.73% 
100% 0.0% 0.0% 100.0% 0.0% 9.48% 16.05% 
Average 0.0% 6.1% 52.7% 41.2% 8.95% 9.46% 
Panel B: De-smoothed UPF series 
Total 
AP-ex Au 
& Jp 
Stocks 
AP Bonds 
AP-ex 
Au& Jp 
REITs 
AP-ex Au 
& Jp 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 2.4% 86.2% 0.0% 11.3% 2.06% 3.34% 
100% 0.0% 50.1% 11.6% 38.3% 5.08% 4.61% 
100% 0.0% 27.3% 19.5% 53.2% 6.93% 5.88% 
100% 0.0% 6.9% 26.6% 66.5% 8.59% 7.15% 
100% 0.0% 0.0% 46.7% 53.3% 9.23% 8.43% 
100% 0.0% 0.0% 58.8% 41.2% 9.29% 9.70% 
100% 0.0% 0.0% 68.4% 31.6% 9.33% 10.97% 
100% 0.0% 0.0% 76.9% 23.1% 9.37% 12.24% 
100% 0.0% 0.0% 84.9% 15.1% 9.41% 13.51% 
100% 0.0% 0.0% 92.6% 7.4% 9.45% 14.78% 
100% 0.0% 0.0% 100.0% 0.0% 9.48% 16.05% 
Average 0.2% 15.5% 53.3% 31.0% 8.02% 9.70% 
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Figure 7.10 AP-ex Au & Jp UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
  
Panel B: De-smoothed UPF series 
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With an average allocation of more than 85% being given to both unlisted and listed AP-ex Au 
& Jp property assets, this poses a question. Could a real portfolio be constructed this way, given 
the large scale of regional property assets (excluding the Australia and Japan property markets) 
required to make such an investment? To solve this issue, a 10% constraint was applied in the 
mean-variance optimisation procedure to limit the exposure towards property assets. The 
results of this analysis are presented in Table 7.12 and Figure 7.11. 
 
Setting a 10% cap did not prevent the unadjusted AP-ex Au & Jp UPFs (Panel A) from playing 
an important role in the optimised portfolio. These assets were allocated at the 10% level across 
the majority of the risk-return spectrum. The higher annual returns exhibited by the AP-ex Au 
& Jp REIT market resulted in REITs only appearing in portfolios at the most optimistic risk-
return level. With constrained exposure to AP-ex Au & Jp property assets, a more diversified 
portfolio occurred, with bonds now heavily weighted in portfolios at the lower-bound of the 
risk-return spectrum where lower risk was emphasised. In contrast, the AP-ex Au & Jp stock 
market was more highly allocated, particularly at the upper-bound of the risk-return spectrum. 
 
Consistent with the results presented in Panel A, the added volatility in the filtered AP-ex Au 
& Jp UPF series (Panel B) saw this regional UPF asset still leading the equivalent REIT series 
in asset allocation by a factor of 9 to 1. AP-ex Au & Jp UPFs were still favoured as the best 
property asset for enhancing a regional mixed-asset portfolio, within the ambit of the 10% cap. 
Overall, the portfolio analysis affirmed that even when the developed Australian and Japanese 
UPF markets were excluded, this regional UPF sub-market could still play a pivotal role in a 
regional mixed-asset framework.  
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Table 7.12 AP-ex Au & Jp UPF Mixed-asset Portfolio Allocation with Constraints: 
Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total 
AP-ex Au& 
Jp Stocks 
AP Bonds 
AP-ex 
Au& 
Jp REITs 
AP-ex 
Au& 
Jp UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 1.1% 88.9% 0.0% 10.0% 1.94% 3.24% 
100% 20.3% 69.7% 0.0% 10.0% 2.71% 4.59% 
100% 30.5% 59.5% 0.0% 10.0% 3.12% 5.94% 
100% 39.6% 50.4% 0.0% 10.0% 3.49% 7.29% 
100% 48.3% 41.7% 0.0% 10.0% 3.84% 8.64% 
100% 56.8% 33.2% 0.0% 10.0% 4.18% 9.99% 
100% 65.2% 24.8% 0.0% 10.0% 4.51% 11.34% 
100% 73.5% 16.5% 0.0% 10.0% 4.84% 12.69% 
100% 81.7% 8.3% 0.0% 10.0% 5.17% 14.03% 
100% 89.9% 0.1% 0.0% 10.0% 5.50% 15.38% 
100% 90.0% 0.0% 10.0% 0.0% 5.51% 16.73% 
Average 54.3% 35.7% 0.9% 9.1% 4.07% 9.99% 
Panel B: De-smoothed UPF series 
Total 
AP-ex 
Au& 
Jp Stocks 
AP Bonds 
AP-ex 
Au& Jp 
REITs 
AP-ex 
Au& 
Jp UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 2.3% 87.7% 0.0% 10.0% 1.95% 3.35% 
100% 21.7% 68.3% 0.0% 10.0% 2.73% 4.68% 
100% 31.9% 58.1% 0.0% 10.0% 3.14% 6.02% 
100% 41.1% 48.9% 0.0% 10.0% 3.50% 7.36% 
100% 49.8% 40.2% 0.0% 10.0% 3.85% 8.70% 
100% 58.2% 31.8% 0.0% 10.0% 4.19% 10.04% 
100% 66.5% 23.5% 0.0% 10.0% 4.52% 11.38% 
100% 74.8% 15.2% 0.0% 10.0% 4.85% 12.72% 
100% 82.9% 7.1% 0.0% 10.0% 5.18% 14.06% 
100% 90.0% 0.0% 1.2% 8.8% 5.47% 15.39% 
100% 90.0% 0.0% 10.0% 0.0% 5.51% 16.73% 
Average 55.4% 34.6% 1.0% 9.0% 4.08% 10.04% 
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Figure 7.11 AP-ex Au & Jp UPF Efficient Frontier Compositions with Constraints: 
Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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Overall, the strong risk-adjusted performance and enhanced diversification benefits with other 
asset classes suggest that Asia-Pacific UPFs can be effectively positioned in the regional 
mixed-asset investment portfolio. The unconstrained optimal asset allocation analysis 
suggested that around one-third of mixed-asset portfolios should be allocated to Asia-Pacific 
UPFs to achieve an optimal combination of return and risk. Constrained mixed-asset portfolios 
were also constructed by applying a cap on total property assets at 10% to reflect practical 
portfolio weighting of property in a mixed-asset investment framework. Asia-Pacific UPFs 
were still the dominant property asset which, the majority of the time, were allocated at the 
10% capped level. 
 
Also, the different composition of the Asia-Pacific UPF index highlights the varying role of 
UPF in the Asia-Pacific regional mixed-asset portfolio. The exclusion of the Australian UPF 
market from the Asia-Pacific regional index resulted in a more significant role in the regional 
Asia-Pacific mixed-asset portfolio. Based on the de-smoothed data, the average allocation 
increased from 19.2% to 32.0%, with a slight decrease in allocation when Japanese UPFs were 
excluded from the index (from 32.0% to 31.0%).  
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7.2.2.3. Blended Property Portfolio Analysis 
Table 7.13 tabulates the return, risk and return-to-risk statistics of various Asia-Pacific regional 
blended property portfolios, comprising a mixture of AP UPFs and REITs. The unadjusted 
optimal-blend property portfolio (Panel A) was aimed squarely at extracting the optimal risk-
adjusted returns through an ideal mixture of unlisted and listed property components. The 
results show that the highest return-to-risk ratio of 1.3574 (#1) resulted from a blend of 68% 
AP UPFs and 22% REITs. The two liquidity-focused fixed-blend property portfolios, with 
ratios of 70:30 (#2) and 50:50 (#3), also succeeded in surpassing the pure AP UPF portfolio 
(#4) on a risk-adjusted basis. It is also worth noting that all blended property portfolios 
delivered higher risk-adjusted performance compared to the portfolio of 100% AP REITs (#5).  
 
The same analysis was then extended to take into account the impact of de-smoothing the AP 
UPF series (Panel B). This analysis is vital, as it assesses whether a blended property portfolio 
is still feasible with the extra volatility in the de-smoothed unlisted component. This gives a 
more accurate picture of the risk-return trade-off that investors could obtain from a property 
portfolio. As expected, the extra volatility from the de-smoothing process inflated all blended 
property portfolio risk levels, thus compromising their risk-adjusted return performance. A 
significant change in the composition of the optimal-blend property portfolio was evident; it 
had a higher weighting in AP REITs (57%) with the remainder in AP UPFs (43%). Be that as 
it may, the optimally-blended property portfolio (#1) was able to maintain its outperformance 
against other property portfolios. In contrast to the previous results, the 50:50 fixed-blend 
property portfolio had more favourable risk-adjusted returns compared to the 70:30 fixed-blend 
property portfolio. Nevertheless, all blended property portfolios outperformed portfolios with 
pure AP-REITs (#4) and pure AP-UPFs (#5). 
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Table 7.13 AP UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return /  
risk ratio 
Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 8.42% 6.23% 1.3526 2 
50% UPFs / 50% REITs 8.96% 7.69% 1.1656 3 
Optimal-blend property portfolio 
68% UPFs / 22% REITs 8.43% 6.21% 1.3574 1 
100% UPFs 7.34% 8.03% 0.9143 4 
100% REITs 9.65% 15.53% 0.6212 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 8.48% 11.06% 0.7674 3 
50% UPFs / 50% REITs 9.28% 7.99% 1.1617 2 
Optimal-blend property portfolio 
43% UPFs / 57% REITs 9.49% 7.81% 1.2149 1 
100% UPFs 6.63% 18.67% 0.3552 5 
100% REITs 9.65% 15.53% 0.6212 4 
 
Table 7.14 demonstrates the impact on the risk-adjusted performance of Asia-Pacific mixed-
asset portfolios that attained regional property exposure through a blended property 
configuration. The risk-adjusted performance of the baseline AP financial assets-only portfolio 
was not that great to begin with, and AP stocks were the main contributor to this. Using the 
typical investor allocation to property of 10%, the inclusion of all forms of unadjusted (Panel 
A) or smoothing-adjusted (Panel B) blended property components into the baseline financial 
assets-only portfolio delivered noticeably higher portfolio total investment return. More 
importantly, a mixed-asset portfolio exposed to all forms of blended property configurations 
earned higher returns compared to the portfolio with a 10% pure AP-UPF exposure; which was 
only beaten by the portfolio with a 10% allocation in AP REITs.  
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Within the various blended property configurations, the sizeable allocation in listed elements 
contributed to lesser diversification benefits. Consequently, all mixed-asset portfolios 
37Tincorporating blended property components recorded higher risk 37Tcompared to the pure AP-
UPF portfolio. However, it must be emphasised that the premise of creating a blended property 
portfolio is not to achieve abnormal returns; rather, it is a means to improve liquidity and 
transparency that would otherwise be unattainable if the property allocation was solely in AP-
UPFs. Hence, the results indicate there is a minimal impact on portfolio risk-adjusted 
performance if investors opt for a blended property structure as part of their strategic property 
asset allocation process. 
 
Table 7.14 AP UPF Blended Property Mixed-asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Rank 
Panel A: Smoothed UPF series    
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 3.20% 8.96% 0.3578 3 
10% 50:50 Blended Property 3.26% 9.27% 0.3515 4 
10% Optimally Blended Property 3.20% 8.94% 0.3584 2 
10% UPFs 3.10% 8.50% 0.3643 1 
10% REITs 3.33% 10.08% 0.3301 5 
60% Stocks / 40% Bonds 2.60% 9.55% 0.2719 6 
Panel B: De-smoothed UPF series    
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 3.21% 8.60% 0.3733 3 
10% 50:50 Blended Property 3.29% 8.86% 0.3715 4 
10% Optimally Blended Property 3.31% 8.85% 0.3740 2 
10% UPFs 3.02% 7.74% 0.3907 1 
10% REITs 3.33% 10.08% 0.3301 5 
60% Stocks / 40% Bonds 2.60% 9.55% 0.2719 6 
 
 
 
 
 
322 
 
7.2.2.4. Cointegration and Causality Analyses 
The unit root test was utilised to verify whether the Asia-Pacific asset classes were stationary 
in level form, or after first differencing, in order to determine the order of integration amongst 
the variables. While a similar order of integration amongst the variables is not a pre-condition 
for the auto-regressive distributed lag (ARDL) cointegration test, all variables are required to 
obtain stationarity at an order no higher than I(1). Table 7.15 reports the results of the 
augmented Dickey-Fuller (ADF) unit root test for the log-transformed quarterly returns of 
Asia-Pacific asset classes over Q1:2010-Q4:2015. In summary, the ADF tests indicated the 
non-existence of unit root for all variables at level. Therefore, it can be concluded that all 
variables were mutually integrated of order I(0).  
 
Table 7.15 ADF Unit Root Test for Asia-Pacific Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -5.0857 0.0005 -3.7659 0.0120 I(0) 
Bonds -4.7884 0.0009 -8.6618 0.0000 I(0) 
Stocks -4.8179 0.0010 -4.2358 0.0043 I(0) 
REITs -3.7361 0.0117 -8.6002 0.0000 I(0) 
Note: HR0R – non-stationary. 
 
The results of the ARDL bounds test, with model [4,4,4,4] specification, between AP-UPFs 
and Asia-Pacific mainstream asset classes over Q1:2010-Q4:2015 are shown in Table 7.16. It 
is noteworthy that the maximum lag selected was four-term, due to the quarterly frequency and 
the limited number of observations. The model specification was automatically selected by 
minimising the Akaike Information Criterion (AIC). The results do not appear to support the 
presence of a valid long-run relationship between AP UPFs and the determinants, as the F-
statistic (1.01) was not statisically significant. Therefore, the null hypothesis (of no 
cointegration between the dependent and independent variables) must be accepted. Diagnostic 
checks for the presence of serial correlation and non-normality were carried out using the 
Breusch-Godfrey and Jarque-Bera tests. These indicated the model was not serially correlated 
and had a normal distribution. 
 
While no evidence of a long-run association between AP-UPFs and Asia-Pacific regional 
mainstream asset classes was found, this does not discount the possibility of short-term causal 
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relationships. Therefore, the analysis was expanded to test whether Asia-Pacific mainstream 
asset class returns can predict AP-UPF returns, or vice versa. To achieve this, a Granger 
causality test was employed (Table 7.17). In summary, the total AP-UPF returns did not contain 
historical return components of either Asia-Pacific regional bonds, stocks or REITs. Similarly, 
when AP-UPFs were swapped as the determinant variable, the results do not indicate any 
statistically significant causal paths towards the three dependent variables. This signifies that 
the quarterly returns of AP-UPFs did not precede the quarterly returns of either bonds, stocks 
or REITs. In conclusion, the bivariate Granger causality analysis further affirms the 
distinctiveness of AP-UPFs as a regional asset class that can offer excellent diversification 
benefits in an Asia-Pacific regional mixed asset portfolio. 
 
Table 7.16 AP UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model 
Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 1.01 
ARDL 
[4,4,4,4] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
Serial correlation 0.7017 (0.5123)   
Normality 0.7684 (0.6810)   
Note: HR0R – no long-run cointegrating relationship. 
 
Table 7.17 AP UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value HR0 
UPFs 
→ 
Bonds 
0.6136 0.9615 Accept 
← 1.5630 0.8154 Accept 
UPFs 
→ 
Stocks 
0.4875 0.7450 Accept 
← 3.2576 0.0542 Accept 
UPFs 
→ 
REITs 
5.4844 0.2411 Accept 
← 0.8662 0.9294 Accept 
Note: HR0R – no causal relationship. 
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7.2.2.5. Summary of Findings 
Table 7.18 presents the summary of the empirical results for Asia-Pacific UPFs over Q2:2010-
Q4:2015. In terms of the risk-adjusted performance, the broad Asia-Pacific regional UPFs 
exhibited underperformance against the majority of the equivalent regional asset classes. The 
AP-ex Au and AP-ex Au & Jp regional sub-indices however, demonstrated superior risk-
adjusted performance against their equivalent stock and REIT indices. Since the total return 
index is stated in US$, the high currency exchange rate volatility of Australia (AU$) and Japan 
(JP¥) against the US$ in recent years might explain the improved risk-adjusted performance of 
the two Asia-Pacific regional sub-markets (as these regional sub-markets excluded Australia 
and Japan). In terms of portfolio diversification benefits (Panel B), these various Asia-Pacific 
UPF markets would provide investors with significant diversification benefits with both 
regional stocks and REITs. This implies that they are good portfolio diversifiers in a regional 
mixed-asset framework.  
 
The strong portfolio diversification benefits could also be seen from the significant role of these 
Asia-Pacific UPF markets in the optimal regional mixed-asset portfolio analysis. The strong 
risk-adjusted performance of the AP-ex Au (average allocation = 32.0%) and Ap-ex Au & Jp 
(31.0%) resulted in them being given higher allocation in the optimal portfolios compared to 
the broad AP UPFs (19.2%). Nonetheless, all of them were able to obtain higher allocation 
compared to regional bonds and stocks, but lower against REITs. The property portfolio 
performance of regional investors could be improved by obtaining property exposure using the 
hybrid property portfolio, combining both regional AP UPFs and REITs. The summary of the 
results (Panel D) shows investors would be able to enhance both the absolute return and risk 
performance by using blended property portfolio, irrespective of the blending structure; thus, 
improving the performance on a risk-adjusted basis. 
 
The results for the long- and short-term linkage analyses are shown in Panel E. As observed, 
both the cointegration and Granger causality tests returned negative results for long and short-
term relationship between AP UPFs and mainstream Asia-Pacific asset classes. This suggests 
that AP-UPFs are not impacted by the movement of the broad regional investment trend in 
Asia-Pacific. Whether investors are creating a long- or short-term investment portfolio, the 
inclusion of AP-UPFs would give diversification benefits to the overall portfolio. 
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Table 7.18 Summary of Findings: Asia-Pacific Regional UPF  
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
Asia-Pacific  Bonds ✓ ✕ ✕ 
 Stocks ✓ ✓ ✓ 
 REITs ✕ ✓ ✕ 
Ex. Australia Bonds ✓ ✕ ✕ 
Stocks ✓ ✓ ✓ 
REITs ✕ ✓ ✓ 
Ex. Australia 
and Japan 
Bonds ✓ ✕ ✕ 
Stocks ✓ ✓ ✓ 
REITs ✕ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks UPFs-REITs 
Asia-Pacific -0.60 0.78 -0.58 
Ex. Australia -0.14 0.72 -0.14 
Ex. Australia and Japan -0.15 0.86 -0.14 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs 
Asia-Pacific  19.2% 16.6% 2.1% 62.1% 
Ex. Australia 32.0% 12.7% 0.9% 54.4% 
Ex. Australia and Japan 31.0% 15.5% 0.2% 53.3% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✓ ✓ 
Fixed-blend 70:30 ✓ ✓ ✓ 
Optimal blend ✓ ✓ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕ ✕ 
Granger-causing ✕ ✕ ✕ 
Granger-caused by ✕ ✕ ✕ 
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7.3. UPFs IN EUROPEAN INTER-PROPERTY AND MIXED-ASSET INVESTMENT 
STRATEGIES 
The risk-adjusted performance and diversification benefits of investing in five UPF markets in 
Europe, namely the UK, Germany, Finland, France and Netherlands, was assessed over 
Q2:2010-Q4:2015. An inter-UPF portfolio comprising assets from these five UPF markets was 
constructed and assessed. Further, a multi-medium property portfolio composed of the five 
European UPF and REIT/listed property markets was established and examined. For the 
European region-wide investment format, a broad European UPF index and two additional 
regional sub-indices were used. The equivalent indices for REITs and stocks matched the 
developed UPF indices. Similarly, the investment performance and behaviour of UPFs in a 
European regional investment context were scrutinised. Since Euro is widely used in the 
European region, this European regional UPF investment context is analysed by using the 
Euro-denominated total return series. 
 
7.3.1. UPFs in a European Inter-property Investment Strategy 
7.3.1.1. Risk-adjusted Performance Analysis 
Table 7.19 compares the annual returns, risk and risk-adjusted performance of the five 
European UPF markets over Q2:2010-Q4:2015. With annual return and risk of 6.61% p.a. and 
2.92%, Finland (#1) was the best-performing UPF market in Europe. UPF markets in Germany 
and the Netherlands delivered competitive risk-return trade-offs with return-to-risk ratios of 
2.23 and 1.59, ranking them in 2Pnd P and 3 Prd P place, respectively. In contrast, the UK UPF market 
(12.49% p.a.) delivered almost twice the annual returns of Finland over the full sample period; 
however, the risk level was the highest in the region (8.65%), impairing its risk-adjusted 
performance (#4) greatly. On the other hand, there was nothing outstanding in the annual return 
performance of Fr-UPFs (5.03% p.a.), but its relatively high risk (3.84%) seriously affected its 
performance on a risk-adjusted basis, ranking it 5Pth P in the risk-adjusted rankings. This was the 
poorest-performing UPF market in terms of the unadjusted European UPF data. 
 
Valuation-smoothing bias was then removed from each of the European UPF data series (Panel 
B), resulting in more than twice the risk of the smoothed series, on average. Consequently, 
risk-adjusted performance was halved, causing all UPF markets to fall to the bottom-half of 
the risk-adjusted performance rankings. Interestingly, based on de-smoothed UPF market data, 
the Netherlands (#6) was the best-performing single-country UPF market, while the French 
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UPF market (#10) maintained its lacklustre performance. The UPF markets in Finland, German 
and the UK ranked in 7PthP, 8Pth P and 9Pth P place, respectively. 
 
Table 7.19 European Single-country UPF Risk-adjusted Performance: Q2:2010-Q4:2015 
 Average 
annual return 
Annual risk 
Return/risk 
ratio 
Rank 
UK 12.49% 8.65% 1.44 4 
Germany 3.91% 1.76% 2.23 2 
Finland 6.61% 2.92% 2.26 1 
France 5.03% 3.84% 1.31 5 
Netherlands 2.93% 1.84% 1.59 3 
Ds-UK 10.48% 18.23% 0.58 9 
Ds-Germany 4.16% 3.64% 1.14 8 
Ds-Finland 6.87% 5.77% 1.19 7 
Ds-France 4.78% 9.36% 0.51 10 
Ds-Netherlands 3.39% 2.68% 1.26 6 
 
Figure 7.12 plots the risk and return performance of the various UPF markets in Europe, with 
four quadrants indicating annual return and risk characteristics. This allows individual UPF 
market risk-return profiles to be assessed relative to overall European UPF market 
performance. The upper-left quadrant is the optimal one, as investments plotted here will 
produce high returns with lower exposure to volatility. Only the Finnish market was present in 
this preferred quadrant. In contrast, most of the European single-country UPF markets were 
plotted in the lower-left quadrant, which is perfectly in line with the expected risk-return profile 
of an unlisted property investment vehicle. One outlier was identified amongst the smoothed 
UPF series. The UK-UPF market was positioned in the high-return/high-risk quadrant, 
reflecting the more optimistic investment characteristics of UK-UPFs. 
 
44T he impact of de-smoothing the UPF series resulted in the risk-return plot of the various UPF 
markets to be shifted rightward on the x-axis, signifying that the de-smoothing filter increased 
risk level. 44TMost interestingly, the de-smoothed Finnish data was not affected by the higher risk 
level, and maintained its position in the high-return/low-risk quadrant.44T Several other UPF 
markets also maintained their positions, namely Germany and the Netherlands. The UK shifted 
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towards the far right of high-return/high-risk quadrant, as it gained risk from the de-smoothing 
procedure. A huge downgrade was recorded in the French risk-return profile, which moved to 
the inferior quadrant, as its annual returns no longer offset its risk. 
 
Figure 7.12 European Single-country UPF Risk and Return Diagram: Q2:2010-Q4:2015 
 
 
Table 7.20 presents the results of the analysis of the correlations between the five European 
UPF markets, using both smoothed (Panel A) and de-smoothed (Panel B) data, for the 
Q2:2010-Q4:2015 period. Without adjustment for smoothing bias, the various European UPF 
markets exhibited dynamic linear relationships. These UPF markets tended to be more 
correlated with certain markets, but at the same time provided better diversification benefits 
with other markets. For example, UPF markets in France and UK were highly correlated over 
the time series (r = 0.42), as were those of the Netherlands and Germany (r = 0.53). Over the 
same period, the French and German markets were mildly correlated (r = 0.22), as were those 
of the UK and Netherlands (r = 0.17), UK and Germany (r = -0.21) and, UK and Finland (r = 
-0.30). While geographical diversification in a European inter-UPF context is possible, careful 
selection of individual UPF markets must be made to achieve maximum diversification 
benefits. The impact of removing the smoothing bias (Panel B) from the UPF series provided 
mixed results. Correlations between certain UPF markets were improved, such as the UK and 
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Netherlands markets (r = 0.02 versus r = 0.17 with smoothed data) as well as those of Germany 
and France (r = -0.09 versus r = 0.22). Meanwhile, other markets exhibited lesser 
diversification benefits after the de-smoothing process, such as those of France and the UK (r 
= 0.60 versus r = 0.42), and Germany and Finland (r = 0.35 versus r = 0.25). 
 
Table 7.20 European UPF Single-country Correlation Matrix: Q2:2010-Q4:2015 
*: significant correlation (P < 0.05) 
 
Figure 7.13 depicts the significant diversification advantages of a European international, inter-
UPF investment strategy compared to inter-REIT and inter-stock investment strategies. 
Without considering smoothing bias (Panel A), the average correlation coefficient between the 
UPF markets was r = 0.13, signifying the feasibility of an inter-UPF investment strategy. In 
contrast, a portfolio composed of European REIT markets was not recommendable, given the 
strong co-movement amongst individual REIT jurisdictions in Europe, which gave an average 
correlation of r = 0.79. The international, inter-stock investment approach fares even worse, 
with no diversification benefits observed, and an average correlation coefficient of r = 0.84. 
When the UPF series was corrected for valuation-smoothing (Panel B), a small improvement 
was recorded in the already excellent diversification potential, with an average correlation of r 
Panel A: Smoothed UPF series 
 UK Germany Finland France Netherlands 
UK 1.00     
Germany -0.21 1.00    
Finland -0.30 0.25 1.00   
France 0.42* 0.22 0.21 1.00  
Netherlands 0.17 0.53* -0.17 0.15 1.00 
Panel B: De-smoothed UPF series  
 UK Germany Finland France Netherlands 
UK 1.00     
Germany -0.29 1.00    
Finland 0.04 0.35 1.00   
France 0.60* -0.09 0.17 1.00  
Netherlands 0.02 0.42* 0.07 -0.16 1.00 
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= 0.11. Overall, the result shows that institutional investors could achieve effective property 
portfolio diversification by spreading their investments across several European UPF markets, 
something not achievable through the various European REIT and stock markets.  
 
Figure 7.13 European Single-country Correlation: UPFs vs. REITs: Q2:2010-Q4:2015 
 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
 
 
7.3.1.2. Inter-UPF Portfolio Analysis 
Table 7.21 presents the compositions of optimal portfolios based on smoothed (Panel A) and 
de-smoothed (Panel B) UPF series of five European UPF markets, namely Germany, Finland, 
France, Netherlands and the UK, along with their expected annual returns and risk over 
Q2:2010-Q4:2015. Figure 7.14 is an asset allocation diagram of the optimal inter-UPF 
portfolio. It articulates the roles of individual UPF markets across the risk-return spectrum.  
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At the minimum risk-return band, a concentration in UPF assets with a low risk-return trade-
off was visible, namely those from Germany (40.0%), the Netherlands (32.2%) and Finland 
(22.8%), while assets from the UK (5.1%) had a very small role. This optimal mixture of UPFs 
delivered conservative portfolio annual return and risk rates of 4.65% p.a. and 1.32%, 
respectively. The optimal portfolio with moderate risk-return (portfolio return = 10.15% p.a., 
risk = 4.98%), had a very different composition; being UK-UPFs (60.2%) and Fi-UPFs (39.8%) 
only. At the highest risk-return level, the optimal composition was 100% UK-UPFs, and the 
portfolio was estimated to deliver 12.49% p.a. and 8.65% annual return and risk, respectively.  
 
The use of the filtered European UPF data series (Panel B) resulted in different allocations in 
certain portfolios due to the series’ extra volatility. Nl-UPFs benefitted greatly - their average 
allocation almost doubled (from 2.9% to 5.4%). UK-UPFs were still featured prominently but 
with reduced average allocations (from 57.4% to 51.7%). Minor increases in allocations of Fi-
UPFs (from 34.0% to 35.4%), and Ge-UPFs (from 5.7% to 6.6%) were evident. In contrast, the 
mediocre risk-adjusted performance and lower diversification benefits of Fr-UPFs caused them 
to be under-represented. It is also noteworthy that the use of the filtered UPF series caused the 
average portfolio risk level to more than double (10.29% versus 4.98%) and slightly reduced 
portfolio annual returns (8.36% versus 9.72%), thereby affecting risk-adjusted performance. 
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Table 7.21 European Inter-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total UK Germany Finland France Netherlands 
Portfolio 
return 
Portfolio 
risk 
100% 5.1% 40.0% 22.8% 0.0% 32.2% 4.65% 1.32% 
100% 20.1% 23.2% 56.7% 0.0% 0.0% 7.19% 2.05% 
100% 30.2% 0.0% 69.8% 0.0% 0.0% 8.38% 2.78% 
100% 42.1% 0.0% 57.9% 0.0% 0.0% 9.08% 3.52% 
100% 51.6% 0.0% 48.4% 0.0% 0.0% 9.64% 4.25% 
100% 60.2% 0.0% 39.8% 0.0% 0.0% 10.15% 4.98% 
100% 68.5% 0.0% 31.5% 0.0% 0.0% 10.64% 5.72% 
100% 76.6% 0.0% 23.4% 0.0% 0.0% 11.11% 6.45% 
100% 84.5% 0.0% 15.5% 0.0% 0.0% 11.57% 7.18% 
100% 92.3% 0.0% 7.7% 0.0% 0.0% 12.03% 7.92% 
100% 100.0% 0.0% 0.0% 0.0% 0.0% 12.49% 8.65% 
Average 57.4% 5.7% 34.0% 0.0% 2.9% 9.72% 4.98% 
Panel B: De-smoothed UPF series 
Total UK Germany Finland France Netherlands 
Portfolio 
return 
Portfolio 
risk 
100% 0.0% 24.8% 6.8% 9.0% 59.4% 3.93% 2.35% 
100% 12.6% 41.6% 45.8% 0.0% 0.0% 6.23% 3.94% 
100% 17.1% 6.7% 76.2% 0.0% 0.0% 7.31% 5.53% 
100% 31.6% 0.0% 68.4% 0.0% 0.0% 8.01% 7.12% 
100% 43.5% 0.0% 56.5% 0.0% 0.0% 8.44% 8.70% 
100% 53.9% 0.0% 46.1% 0.0% 0.0% 8.82% 10.29% 
100% 63.7% 0.0% 36.3% 0.0% 0.0% 9.17% 11.88% 
100% 73.0% 0.0% 27.0% 0.0% 0.0% 9.51% 13.47% 
100% 82.1% 0.0% 17.9% 0.0% 0.0% 9.84% 15.06% 
100% 91.1% 0.0% 8.9% 0.0% 0.0% 10.16% 16.65% 
100% 100.0% 0.0% 0.0% 0.0% 0.0% 10.48% 18.23% 
Average 51.7% 6.6% 35.4% 0.8% 5.4% 8.36% 10.29% 
 
 
 
 
 
 
 
 
 
 
333 
 
Figure 7.14 European Inter-UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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7.3.1.3. Multi-medium Property Portfolio Analysis 
 
The property portfolio analysis was then extended to obtain exposure in listed property as a 
means to create a balanced portfolio with appropriate levels of liquidity and transparency. Such 
an approach enables investors to enhance returns and minimise volatility by taking advantage 
of the diversification benefits of combining European unlisted and listed property assets. Table 
7.22 depicts the optimal inter-property portfolio composed of UPF and REIT/PC assets from 
the five European countries over Q2:2010-Q4:2015. The difference in asset compositions 
based on smoothed (Panel A) and de-smoothed UPF series (Panel B) is highlighted. Figure 
7.15 complements these results by displaying the optimal asset compositions according to the 
risk level. 
 
Based on smoothed data (Panel A), various European UPFs featured prominently in optimised 
portfolios within the lower half of the risk-return spectrum. There was a strong role of UK- and 
Fi-UPFs, while the poor risk-adjusted performance of Fr-UPFs excluded them from the optimal 
portfolios. On the listed property front, the optimisation process suggested a 100% allocation 
in UK-REITs within the upper half of the risk-return spectrum. This is not surprising, as the 
strong cross-correlation between the five European listed property markets suggests they 
cannot be used together in a mixed-asset portfolio.  
 
The de-smoothing process increased the risk level by a factor of two in the various single-
country European UPF markets (Panel B) compared to the results of the unadjusted data series. 
This caused significant asset allocation adjustment, especially within the lower half of the 
portfolio risk-return spectrum, where less risky assets were more advantageous. UK-UPFs were 
the most affected by the increased volatility-their average allocation fell dramatically, from 
29.1% to just 1.0%. In response, allocations in other markets increased, particularly Finland’s, 
but also those of the Netherlands and Germany. For listed property, UK-REITs remained the 
dominant listed property asset amongst the five European markets. 
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Table 7.22 European Multi-medium Property Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 UPFs REITs/PCs Portfolio 
Total UK Ge Fi Fr Nl UK Ge Fi Fr Nl Return Risk 
100% 4.2% 36.6% 22.2% 0.0% 36.1% 0.2% 0.0% 0.1% 0.6% 0.0% 4.60% 1.31% 
100% 22.1% 1.0% 70.0% 0.0% 0.0% 6.9% 0.0% 0.0% 0.0% 0.0% 8.66% 2.70% 
100% 32.7% 0.0% 50.8% 0.0% 0.0% 16.5% 0.0% 0.0% 0.0% 0.0% 10.37% 4.09% 
100% 41.0% 0.0% 35.0% 0.0% 0.0% 24.0% 0.0% 0.0% 0.0% 0.0% 11.70% 5.48% 
100% 48.7% 0.0% 20.2% 0.0% 0.0% 31.0% 0.0% 0.0% 0.0% 0.0% 12.94% 6.88% 
100% 56.2% 0.0% 5.9% 0.0% 0.0% 37.8% 0.0% 0.0% 0.0% 0.0% 14.15% 8.27% 
100% 48.5% 0.0% 0.0% 0.0% 0.0% 51.5% 0.0% 0.0% 0.0% 0.0% 15.22% 9.66% 
100% 34.1% 0.0% 0.0% 0.0% 0.0% 65.9% 0.0% 0.0% 0.0% 0.0% 15.98% 11.05% 
100% 21.9% 0.0% 0.0% 0.0% 0.0% 78.1% 0.0% 0.0% 0.0% 0.0% 16.63% 12.44% 
100% 10.6% 0.0% 0.0% 0.0% 0.0% 89.4% 0.0% 0.0% 0.0% 0.0% 17.23% 13.84% 
100% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 17.79% 15.23% 
Average 29.1% 3.4% 18.6% 0.0% 3.3% 45.6% 0.0% 0.0% 0.1% 0.0% 13.21% 8.27% 
Panel B: De-smoothed UPF series 
 UPFs REITs/PCs Portfolio 
Total UK Ge Fi Fr Nl UK Ge Fi Fr Nl Return Risk 
100% 0.0% 22.7% 7.9% 4.6% 61.7% 1.2% 0.0% 1.9% 0.0% 0.0% 4.13% 2.29% 
100% 2.9% 27.7% 32.1% 0.0% 19.2% 18.1% 0.0% 0.0% 0.0% 0.0% 7.54% 3.58% 
100% 3.3% 24.9% 45.3% 0.0% 0.0% 26.5% 0.0% 0.0% 0.0% 0.0% 9.23% 4.88% 
100% 2.3% 3.2% 59.2% 0.0% 0.0% 35.3% 0.0% 0.0% 0.0% 0.0% 10.72% 6.17% 
100% 1.5% 0.0% 51.9% 0.0% 0.0% 46.6% 0.0% 0.0% 0.0% 0.0% 12.01% 7.47% 
100% 0.8% 0.0% 42.4% 0.0% 0.0% 56.8% 0.0% 0.0% 0.0% 0.0% 13.10% 8.76% 
100% 0.2% 0.0% 33.6% 0.0% 0.0% 66.1% 0.0% 0.0% 0.0% 0.0% 14.10% 10.05% 
100% 0.0% 0.0% 25.0% 0.0% 0.0% 75.0% 0.0% 0.0% 0.0% 0.0% 15.06% 11.35% 
100% 0.0% 0.0% 16.5% 0.0% 0.0% 83.5% 0.0% 0.0% 0.0% 0.0% 15.99% 12.64% 
100% 0.0% 0.0% 8.2% 0.0% 0.0% 91.8% 0.0% 0.0% 0.0% 0.0% 16.90% 13.93% 
100% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 17.79% 15.23% 
Average 1.0% 7.1% 29.3% 0.4% 7.3% 54.6% 0.0% 0.2% 0.0% 0.0% 12.42% 8.76% 
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Figure 7.15 European Multi-medium Property Efficient Frontier Compositions:  
Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 
Panel B: De-smoothed UPF series 
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7.3.2. UPFs in a European Mixed-asset Investment Strategy 
 
This section analyses the performance and diversification potential of several regional UPF 
markets in Europe, namely, the broad INREV Europe UPF, and two regional sub-markets, 
Europe ex. UK-UPFs as well as Europe ex. UK- and Ge-UPFs. The INREV Europe UPF index 
comprises the existing five single-country indices (e.g.: UK, Germany, Finland, France, 
Netherlands) and additional European markets (e.g. Switzerland, Norway, Sweden, Denmark, 
Portugal, Spain, Italy, CEE). The key performance metrics used included annual returns, annual 
volatility, return-to-risk ratio and diversification benefits. Equivalent time series for regional 
mainstream asset classes, such as bonds, stocks and REITs, are also included for comparison 
purposes. The analysis is then expanded to determine the performance implications of exposing 
a regional mixed-asset investment framework to regional UPF assets. The last stage measures 
the long- and short-term linkages between regional UPFs and common asset classes in Europe. 
 
7.3.2.1. Risk-adjusted Performance Analysis 
 
Table 7.23 tabulates the risk-adjusted performance analysis of regional European UPFs and 
other European mainstream asset classes over Q2:2010-Q4:2015. Over this ten-year period, it 
is apparent that all European regional indices had inferior total return performance relative to 
the that of regional REITs and stock and REIT markets, recording only 4.47% p.a. on average. 
Regional REIT markets had the best total return performance, delivering 11.42% p.a. on 
average, with stocks trailing behind at 9.10% p.a. Notwithstanding, the returns achieved by 
regional UPFs, however, were earned with significantly less exposure to risk (2.54%) 
compared to the regional REIT (19.64%) and stocks (16.28%) averages. On a risk-adjusted 
basis, investors would be better off investing in European regional UPFs, as they would obtain 
higher returns relative to the risk level, as evident from the very strong and positive return-to-
risk ratios. All individual regional UPF indices exceeded their equivalent REIT and stock 
indices on a risk-adjusted basis over the study period. 
 
The construction of a specialised regional UPF index delivered a number of interesting results. 
For instance, the exclusion of the UK UPF market from the European UPF index (i.e. the (EU-
ex UK series), significantly altered its risk-return profile. Compared to the broadest European 
UPF (EU UPF) series, the EU-ex UK series indicated that only half of the annual return 
performance was achievable (3.54% p.a. versus 6.55% p.a.). At the same time, improvement 
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in risk was significant (1.99% versus 3.73%), representing a 47% improvement with the EU-
ex UK series. Furthermore, excluding both the UK and Ge UPFs (EU-ex UK & Ge UPF) caused 
a further reduction in annual returns (3.31% p.a.) with a slightly lower risk level (1.91%) than 
in the EU-ex UK index. Amongst the various European UPF indices, the EU-ex UK (#1) 
emerged as the best-performing index on a risk-adjusted basis, with the broad EU and EU-ex 
UK & Ge indices ranked 2Pnd P and 3Prd P, respectively. The de-smoothing process inevitably 
increased volatility in the various European regional UPF indices; there was a 1.82 times 
greater average risk level. Be that as it may, all regional UPF indices continued to deliver 
superior performance on a risk-adjusted basis, outperforming the equivalent regional REITs 
and stocks over the full sample period. The adjusted EU-ex UK & Ge (#4), EU-ex UK (#5) as 
well as EU (#6) UPF indices were positioned directly below their equivalent unadjusted series. 
 
Table 7.23 European Regional UPF Risk-adjusted Performance: Q2:2010-Q4:2015 
 
Average 
annual return 
Annual 
risk 
Return/risk 
ratio 
Rank 
Smoothed UPF series 
    
Europe 6.55% 3.73% 1.76 2 
Europe ex. UK 3.54% 1.99% 1.78 1 
Europe ex. UK and Germany 3.31% 1.91% 1.73 3 
De-smoothed UPF series 
    
Europe 6.43% 7.57% 0.85 6 
Europe ex. UK 3.94% 3.29% 1.20 5 
Europe ex. UK and Germany 3.73% 2.98% 1.25 4 
REITs 
    
Europe 14.05% 18.11% 0.78 7 
Europe ex. UK 10.12% 20.34% 0.50 11 
Europe ex. UK and Germany 10.10% 20.47% 0.49 12 
Stocks 
    
Europe 8.80% 15.42% 0.57 9 
Europe ex. UK 8.64% 17.04% 0.51 10 
Europe ex. UK and Germany 9.86% 16.37% 0.60 8 
Government Bonds 1.78% 2.79% 0.44 13 
 
Figure 7.16 plots the risk-return profile of various European regional UPF, REIT and stock 
indices over Q2:2010-Q4:2015. In general, it is notable that none of these indices were 
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positioned in the superior quadrant (upper-left portion) nor the inferior quadrant (lower-right 
portion) 44T. This reflects their balanced return-risk characteristics. Unexpectedly, all regional UPF 
series belonged to the low return/low risk quadrant, as their low annual returns were on par 
with their low risk. There was no discernible impact on the risk-return profile when the regional 
UPF indices were filtered to remove valuation-smoothing bias. Their positions, however, were 
slightly right-shifted on the x-axis, due to the higher volatility evident in the de-smoothed data. 
On the other hand, the higher risk-return trade-off apparent in the regional stock and REIT 
indices saw them being positioned in the upper-right corner of the scatter plot, which is the 
normal quadrant for 44Tinvestments with 44Thigh risk-return trade-offs. All regional REITs were 
positioned higher than stocks in this quadrant, as the superior returns of regional REITs 
correlate with the increase in volatility. 
 
Figure 7.16 European Regional UPF Risk and Return Diagram: Q2:2010-Q4:2015 
 
 
Table 7.24 highlights the significant benefits of diversification between the various European 
regional UPF indices and their equivalent mainstream asset classes over Q2:2010-Q4:2015. 
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B) European UPF indices are also presented. Over the past six years, regionally-diversified 
European UPFs showed a weak relationship with mainstream regional asset classes. The 
correlation coefficients between regional UPFs and REITs ranged from r = 0.05-0.28, and the 
correlation coefficients between regional UPFs and stocks ranged from r = -0.11-0.09. In 
contrast, diversification was less beneficial between regional REITs and stocks, with their 
correlation coefficients ranging from r = 0.79-0.82.  
 
Within the context of a regional inter-property investment strategy, the EU-ex UK & Ge UPF 
index had the weakest linear relationship with the equivalent EU-ex UK & Ge REIT index (r 
= 0.05), while EU UPFs were weakly and positively correlated with the equivalent EU REIT 
index (r = 0.23). The correlation coefficient between EU-ex UK UPFs and the equivalent EU-
ex UK REIT index (r = 0.14) was exactly midway between the correlations of the other two 
regional UPF series.  
 
Filtering the various European regional UPF indices from smoothing bias (Panel B) had mixed 
results. For instance, the correlation coefficients between the adjusted EU UPFs and REITs 
were stronger (from r = 0.23 to r = 0.30), but an improvement was seen between EU-ex UK 
UPFs and REITs (from r = 0.14 to r = 0.11). As for diversification benefits with stocks, EU-
ex UK UPFs showed a stronger inverse relationship with their equivalent stock markets (from 
r = -0.11 to r = -0.21), while the other adjusted regional UPF indices exhibited diversification 
benefits with their equivalent stock markets that were comparable to those of the unadjusted 
series. From an investment standpoint, it is clearly recognisable that European regional UPFs 
would be able to provide effective diversification benefits with both REITs and stocks in a 
regional mixed-asset investment framework.
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Table 7.24 European Regional UPF Correlation Matrix: Q2:2010-Q4:2015  
Panel A: Smoothed UPF series 
 
EU UPFs EU-ex 
UK-UPFs 
EU-ex 
UK & Ge 
UPFs 
EU 
REITs 
EU-ex 
UK 
REITs 
EU-ex 
UK & Ge 
REITs 
EU 
Stocks 
EU-ex 
UK 
Stocks 
EU-ex 
UK & Ge 
Stocks 
Bonds 
EU UPFs 1.00          
EU-ex UK-
UPFs 0.65* 1.00         
EU-ex UK & 
Ge UPFs 0.51* 0.91* 1.00        
EU REITs 0.23 0.16 0.09 1.00       
EU-ex UK 
REITs 
0.28 0.14 0.05 0.94* 1.00      
EU-ex UK & Ge 
REITs 
0.28 0.14 0.05 0.94* 1.00 1.00     
EU Stocks 0.08 -0.11 -0.11 0.80* 0.81* 0.81* 1.00    
EU-ex UK 
Stocks 
0.06 -0.11 -0.11 0.81* 0.81* 0.81* 0.99* 1.00   
EU-ex UK & Ge 
Stocks 
0.09 -0.10 -0.09 0.79* 0.82* 0.82* 0.98* 0.99* 1.00  
Bonds 0.16 -0.07 -0.19 -0.16 -0.14 -0.14 -0.07 -0.12 -0.10 1.00 
*: significant correlation (P < 0.05) 
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Panel B: De-smoothed UPF series 
 
EU UPFs EU-ex 
UK-UPFs 
EU-ex 
UK & Ge 
UPFs 
EU 
REITs 
EU-ex 
UK 
REITs 
EU-ex 
UK & Ge 
REITs 
EU 
Stocks 
EU-ex 
UK 
Stocks 
EU-ex 
UK & Ge 
Stocks 
Bonds 
EU UPFs 1.00          
EU-ex UK-
UPFs 0.59* 1.00         
EU-ex UK & 
Ge UPFs 0.40* 0.80* 1.00        
EU REITs 0.30 0.10 0.14 1.00       
EU-ex UK 
REITs 
0.38 0.11 0.09 0.94* 1.00      
EU-ex UK & Ge 
REITs 
0.38 0.11 0.09 0.94* 1.00 1.00     
EU Stocks 0.08 -0.21 -0.08 0.80* 0.81* 0.81* 1.00    
EU-ex UK 
Stocks 
0.07 -0.21 -0.08 0.81* 0.81* 0.81* 0.99* 1.00   
EU-ex UK & Ge 
Stocks 
0.12 -0.19 -0.07 0.79* 0.82* 0.82* 0.98* 0.99* 1.00  
Bonds 0.06 0.00 -0.13 -0.16 -0.14 -0.14 -0.07 -0.12 -0.10 1.00 
*: significant correlation (P < 0.05) 
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7.3.2.2. Mixed-asset Portfolio Analysis 
 
In the previous analysis, European regional UPFs’ strong risk-adjusted performance and low 
interdependency with other asset classes suggests they could play a major role in regional 
mixed-asset investment portfolios. The optimum portfolio allocation analysis initially used 
Pan-European European regional stocks, bonds, REITs and UPFs used to construct a European 
regional mixed-asset investment portfolio. The results are presented in Table 7.25 and Figure 
7.17, which show the different weightings of portfolios based on smoothed (Panel A) and de-
smoothed (Panel B) EU UPF data.  
 
Without the injected volatility (Panel A), the conservative optimal asset-mix (delivering the 
lowest level of portfolio return (3.08% p.a.) and risk (2.36%)), included bonds (66.4%) and 
UPFs (31.1%), with a smaller proportion of stocks (2.3%) and REITs (0.3%). However, this 
changed when bonds and stocks were omitted entirely, which occurred when the portfolio 
return and risk reached the moderate levels of 10.57% p.a. and 10.24%. At this point, the 
percentages of UPFs and REITs increased to 46.5% and 53.5%, respectively. From this point, 
EU UPFs maintained their role as an important component of efficient portfolios, coexisting 
with REITs until the highest point of the risk-return spectrum. A 100% allocation in REITs 
was estimated for the portfolio with the highest risk-return level. In terms of average 
allocations, both EU stocks (0.3%) and bonds (6.0%) were weighted sparingly compared to 
UPFs (42.0%), which were only bested by REITs (51.6%) by quite a small margin. 
 
The mean-variance test was extended to investigate the effect of de-smoothing the EU UPF 
series on portfolio composition (Panel B). With the extra volatility induced by the de-
smoothing procedure, UPF allocations noticeably decreased, particularly in the lower range of 
the risk-return spectrum. The average allocation in UPFs fell from 42.0% to 33.3%. 
Concurrently, bonds became more desirable - their average allocation increased almost three-
fold-from 6.0% to 17.6%. The portfolio average total return performance was also adversely 
impacted (decreasing from 10.11% p.a. to 9.4% p.a.), as was portfolio risk (increasing from 
10.24% to 10.35%). 
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Table 7.25 EU UPF Mixed-asset Portfolio Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total EU Stocks EU Bonds EU REITs EU UPFs Portfolio 
return 
Portfolio 
risk 
100% 2.3% 66.4% 0.3% 31.1% 3.08% 2.36% 
100% 1.3% 0.0% 6.3% 92.4% 7.05% 3.94% 
100% 0.0% 0.0% 22.5% 77.5% 8.24% 5.51% 
100% 0.0% 0.0% 33.6% 66.4% 9.07% 7.09% 
100% 0.0% 0.0% 43.8% 56.2% 9.84% 8.66% 
100% 0.0% 0.0% 53.5% 46.5% 10.57% 10.24% 
100% 0.0% 0.0% 63.0% 37.0% 11.28% 11.81% 
100% 0.0% 0.0% 72.4% 27.6% 11.98% 13.38% 
100% 0.0% 0.0% 81.7% 18.3% 12.68% 14.96% 
100% 0.0% 0.0% 90.9% 9.1% 13.37% 16.53% 
100% 0.0% 0.0% 100.0% 0.0% 14.05% 18.11% 
Average 0.3% 6.0% 51.6% 42.0% 10.11% 10.24% 
Panel B: De-smoothed UPF series 
Total EU Stocks EU Bonds EU REITs EU UPFs Portfolio 
return 
Portfolio 
risk 
100% 1.6% 88.2% 2.1% 8.1% 2.03% 2.59% 
100% 1.2% 54.0% 13.2% 31.6% 4.65% 4.14% 
100% 1.0% 34.6% 19.5% 44.9% 6.14% 5.70% 
100% 0.8% 16.6% 25.4% 57.2% 7.52% 7.25% 
100% 0.0% 0.0% 31.7% 68.3% 8.85% 8.80% 
100% 0.0% 0.0% 46.3% 53.7% 9.96% 10.35% 
100% 0.0% 0.0% 58.4% 41.6% 10.88% 11.90% 
100% 0.0% 0.0% 69.5% 30.5% 11.73% 13.45% 
100% 0.0% 0.0% 80.0% 20.0% 12.53% 15.00% 
100% 0.0% 0.0% 90.1% 9.9% 13.30% 16.56% 
100% 0.0% 0.0% 100.0% 0.0% 14.05% 18.11% 
Average 0.4% 17.6% 48.7% 33.3% 9.24% 10.35% 
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Figure 7.17 EU UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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Over-exposure to one particular asset class is not uncommon in unrestricted mean-variance 
models, especially when the other potential asset classes do not have sufficient risk-adjusted 
performance and diversification distinctiveness. To resolve this issue, the optimisation process 
adopted a constraint of 10% in total property assets, while stock and bond allocations were not 
constrained. The results of this analysis are presented in Panel A and Panel B of Table 7.26 for 
smoothed and de-smoothed EU UPF series, respectively. Figure 7.18 displays the different 
asset compositions at each point of the risk-return spectrum. 
 
Even though allocations in unadjusted EU UPFs (Panel A) were still evident in the optimal 
portfolio, the 10% constraint limited weightings at the lower range of the risk-return spectrum. 
Meanwhile, in the upper half of the risk-return spectrum, EU REITs were exclusively allocated. 
For the most risk-averse investors, this means a return of 2.03% p.a. at a risk level of 2.53% 
could be achieved by allocating 86.4% of the portfolio to bonds, 9.9% to UPFs, 0.1% to REITs 
and 3.6% to stocks. On the other hand, for investors with an optimistic risk-return requirement, 
a portfolio composed of 90% stocks and 10% REITs is optimal, and would return 9.32% p.a. 
at a risk level of 15.36%. It is also noteworthy that investors should expect reduced overall 
portfolio performance if they limit their exposure to property assets in a European regional 
mixed-asset investment strategy. Expected portfolio returns would be lower by 407 basis points 
(6.04% p.a. versus 10.11% p.a.). 
 
The extra volatility invoked by the de-smoothing process (Panel B) resulted in reduced average 
weightings to EU UPFs (1.0% versus 2.2%). EU UPFs were only a major contributor at the 
most conservative level with a 10% cap in effect. In terms of overall portfolio performance, a 
slight increase in the average portfolio standard deviation was recorded, from 8.94% to 8.98%, 
while expected portfolio returns maintained overall performance consistency.  
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Table 7.26 EU UPF Mixed-asset Allocation with Constraints: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total EU Stocks EU Bonds EU REITs EU UPFs Portfolio 
return 
Portfolio 
risk 
100% 3.6% 86.4% 0.1% 9.9% 2.03% 2.53% 
100% 18.3% 71.7% 3.6% 6.4% 3.41% 3.81% 
100% 26.3% 63.7% 5.5% 4.5% 4.16% 5.09% 
100% 33.7% 56.3% 7.3% 2.7% 4.85% 6.38% 
100% 40.8% 49.2% 9.0% 1.0% 5.52% 7.66% 
100% 48.4% 41.6% 10.0% 0.0% 6.17% 8.94% 
100% 56.8% 33.2% 10.0% 0.0% 6.81% 10.23% 
100% 65.2% 24.8% 10.0% 0.0% 7.44% 11.51% 
100% 73.5% 16.5% 10.0% 0.0% 8.07% 12.79% 
100% 81.8% 8.2% 10.0% 0.0% 8.70% 14.08% 
100% 90.0% 0.0% 10.0% 0.0% 9.32% 15.36% 
Average 48.9% 41.1% 7.8% 2.2% 6.04% 8.94% 
Panel B: De-smoothed UPF series 
Total EU Stocks EU Bonds EU REITs EU UPFs Portfolio 
return 
Portfolio 
risk 
100% 1.7% 88.3% 2.0% 8.0% 2.02% 2.59% 
100% 15.1% 74.9% 7.0% 3.0% 3.42% 3.87% 
100% 22.4% 67.6% 9.7% 0.3% 4.18% 5.15% 
100% 31.3% 58.7% 10.0% 0.0% 4.88% 6.42% 
100% 40.1% 49.9% 10.0% 0.0% 5.54% 7.70% 
100% 48.6% 41.4% 10.0% 0.0% 6.18% 8.98% 
100% 57.0% 33.0% 10.0% 0.0% 6.82% 10.25% 
100% 65.3% 24.7% 10.0% 0.0% 7.45% 11.53% 
100% 73.6% 16.4% 10.0% 0.0% 8.08% 12.81% 
100% 81.8% 8.2% 10.0% 0.0% 8.70% 14.08% 
100% 90.0% 0.0% 10.0% 0.0% 9.32% 15.36% 
Average 47.9% 42.1% 9.0% 1.0% 6.05% 8.98% 
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Figure 7.18 EU UPF Efficient Frontier Compositions with Constraints: Q2:2010-
Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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The previous risk-adjusted return analysis provided ample evidence for the markedly superior 
risk-adjusted performance of EU-ex UK UPFs. Additionally, there were low correlation 
coefficients between the equivalent regional indices for REITs and stocks. These factors are of 
fundamental importance when building an optimal mixed-asset investment framework, and it 
would not be surprising if these factors determine the significant role of EU-ex UK UPFs in 
regional mixed-asset portfolios. The structure of efficient portfolios is illustrated in Table 7.27 
and Figure 7.19 for both the unadjusted (Panel A) and adjusted (Panel B) EU-ex UK UPF series 
over Q2:2010-Q4:2015.  
 
As one would expect from the risk-return profile and correlation characteristics, with smoothed 
data, EU-ex UK UPFs (Panel A) dominated the optimised portfolio in all but the two highest 
risk-return levels. The results also indicate UPFs are the dominant asset in the portfolios, 
comprising more than 50% of allocations within the lower half of the risk-return spectrum. The 
relatively poor risk-return characteristic of bonds meant they were only allocated at the most 
conservative end of the risk-return spectrum. This result highlights how UPFs could be a 
worthy substitute for bonds in an EU-ex UK regional mixed-asset portfolio, given their superior 
risk-return characteristics. On the other hand, EU-ex UK REITs and stocks dominated the 
higher-end of the risk-return spectrum, due to them being able to provide the higher risk-return 
trade-off required at these levels. 
 
Even when the EU-ex UK UPF series was de-smoothed (Panel B), UPFs still featured 
prominently in portfolios across almost the entire risk-return spectrum. The average allocation 
in UPFs varied slightly in light of the extra volatility, from 38.9% to 35.9%. Some of these 
losses in UPF allocation were transferred to stocks and bonds. Inevitably, the significant role 
of the adjusted EU-ex UK-UPFs in this regional mixed-asset portfolio was bound to affect the 
overall portfolio volatility, seeing an increased in portfolio average risk level by 25 basis points, 
from 10.93% to 11.18%. 
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Table 7.27 EU-ex UK UPF Mixed-asset Portfolio Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total 
EU-ex UK 
Stocks 
EU Bonds 
EU-ex UK 
REITs 
EU-ex UK 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 2.3% 34.4% 0.0% 63.4% 2.86% 1.52% 
100% 13.0% 0.0% 4.7% 82.4% 4.51% 3.40% 
100% 16.0% 0.0% 12.7% 71.3% 5.20% 5.28% 
100% 18.9% 0.0% 20.4% 60.7% 5.85% 7.17% 
100% 21.7% 0.0% 27.9% 50.4% 6.48% 9.05% 
100% 24.5% 0.0% 35.3% 40.2% 7.11% 10.93% 
100% 27.2% 0.0% 42.7% 30.0% 7.74% 12.81% 
100% 30.0% 0.0% 50.1% 19.9% 8.37% 14.70% 
100% 32.8% 0.0% 57.5% 9.7% 8.99% 16.58% 
100% 33.9% 0.0% 66.1% 0.0% 9.62% 18.46% 
100% 0.0% 0.0% 100.0% 0.0% 10.12% 20.34% 
Average 20.0% 3.1% 38.0% 38.9% 6.99% 10.93% 
Panel B: De-smoothed UPF series 
Total 
EU-ex UK 
Stocks 
EU Bonds 
EU-ex UK 
REITs 
EU-ex UK 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 4.1% 54.6% 0.0% 41.3% 2.65% 2.01% 
100% 19.9% 0.0% 0.0% 80.1% 4.88% 3.84% 
100% 21.7% 0.0% 9.7% 68.5% 5.56% 5.67% 
100% 23.0% 0.0% 18.7% 58.3% 6.18% 7.51% 
100% 24.3% 0.0% 27.3% 48.4% 6.77% 9.34% 
100% 25.5% 0.0% 35.8% 38.7% 7.35% 11.18% 
100% 26.7% 0.0% 44.2% 29.1% 7.93% 13.01% 
100% 27.9% 0.0% 52.6% 19.6% 8.50% 14.84% 
100% 29.1% 0.0% 60.8% 10.1% 9.07% 16.68% 
100% 30.3% 0.0% 69.1% 0.6% 9.63% 18.51% 
100% 0.0% 0.0% 100.0% 0.0% 10.12% 20.34% 
Average 21.1% 5.0% 38.0% 35.9% 7.15% 11.18% 
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Figure 7.19 EU-ex UK UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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37T he unconstrained optimal portfolios were overweighted with EU-ex UK property assets 
(UPFs and REITs), on average, in excess of 80%. These extreme weights are fine from a risk-
adjusted performance point of view, as the various EU-ex UK regional optimal portfolios were 
constructed based on correlation patterns of the quarterly asset returns. However, it negates the 
main purpose of creating a mixed-asset portfolio, which is to diversify across multiple asset 
classes. Hence, the mean-variance optimisation process was re-conducted with a 10% property 
allocation constraint, using both smoothed (Panel A) and de-smoothed (Panel B) EU-ex UK-
UPF series (37T able 7.2837T and 37TFigure 7.20 37T). 
  
The imposition of a 10% cap on property assets resulted in greater roles for bonds and stocks 
at every point of the risk-return spectrum. In contrast, EU-ex UK-UPF and REIT allocations 
were dramatically restructured. Only the property assets contributing the most within the 10% 
cap would be allocated. This resulted in allocations of EU-ex UK UPFs, starting from the most 
conservative portfolio risk level of 2.40%, up to a risk level of 15.57%. It is also noteworthy 
that UPFs were weighted at the maximum 10% level until the 9PthP-most efficient composition, 
after which EU-ex UK REITs began to be allocated. As expected, the higher risk-return trade-
off of REITs resulted in their 10% allocation at the most optimistic portfolio risk-return level.  
 
The impact of induced volatility from the de-smoothing procedure was also tested, with results 
presented in Panel B. There was no discernible change in allocations using the adjusted EU-ex 
UK UPF series. UPFs still dominated the total property asset allocation at the same point as 
with the smoothed series. Even though the risk level for EU-ex UK UPFs increased by a factor 
of 1.65, the average risk level across the optimised portfolios was maintained. This may be 
explained through the change of the correlation structure of the adjusted UPF series, which 
enables the mean-variance optimisation process to mask the impact of risk by shuffling 
allocations in other asset classes within the optimal portfolios.  
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Table 7.28 EU-ex UK Mixed-asset Portfolio Allocation with Constraints: Q2:2010-
Q4:2015 
Panel A: Smoothed UPF series 
Total 
EU-ex UK 
Stocks 
EU Bonds 
EU-ex UK 
REITs 
EU-ex UK 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 4.0% 86.0% 0.0% 10.0% 1.75% 2.40% 
100% 21.2% 68.8% 0.0% 10.0% 3.02% 3.86% 
100% 31.0% 59.0% 0.0% 10.0% 3.75% 5.33% 
100% 40.1% 49.9% 0.0% 10.0% 4.43% 6.79% 
100% 48.9% 41.1% 0.0% 10.0% 5.08% 8.25% 
100% 57.5% 32.5% 0.0% 10.0% 5.72% 9.72% 
100% 66.1% 23.9% 0.0% 10.0% 6.35% 11.18% 
100% 74.6% 15.4% 0.0% 10.0% 6.99% 12.64% 
100% 83.0% 7.0% 0.0% 10.0% 7.61% 14.11% 
100% 90.0% 0.0% 1.5% 8.5% 8.23% 15.57% 
100% 90.0% 0.0% 10.0% 0.0% 8.79% 17.03% 
Average 55.1% 34.9% 1.0% 9.0% 5.61% 9.72% 
Panel B: De-smoothed UPF series 
Total 
EU-ex UK 
Stocks 
EU Bonds 
EU-ex UK 
REITs 
EU-ex UK 
UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 4.2% 85.8% 0.0% 10.0% 1.81% 2.42% 
100% 21.5% 68.5% 0.0% 10.0% 3.09% 3.88% 
100% 31.3% 58.7% 0.0% 10.0% 3.82% 5.34% 
100% 40.4% 49.6% 0.0% 10.0% 4.49% 6.80% 
100% 49.2% 40.8% 0.0% 10.0% 5.14% 8.26% 
100% 57.8% 32.2% 0.0% 10.0% 5.78% 9.72% 
100% 66.4% 23.6% 0.0% 10.0% 6.42% 11.19% 
100% 74.9% 15.1% 0.0% 10.0% 7.05% 12.65% 
100% 83.3% 6.7% 0.0% 10.0% 7.67% 14.11% 
100% 90.0% 0.0% 1.7% 8.3% 8.28% 15.57% 
100% 90.0% 0.0% 10.0% 0.0% 8.79% 17.03% 
Average 55.4% 34.6% 1.1% 8.9% 5.67% 9.72% 
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Figure 7.20 EU-ex UK Efficient Frontier Compositions with Constraints: Q2:2010-
Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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A mean-variance optimisation was then performed to assess the role of EU-ex UK & Ge UPFs 
within a regional mixed-asset portfolio. This enables an insight on the stature of regional UPFs 
in the absence of two major European UPF markets, namely the UK and Germany. Other 
members in the mixed-asset portfolio are the equivalent EU-ex UK & Ge stocks and REITs, as 
well as EU-wide bonds, which were used as a proxy for a defensive regional asset-class. The 
results are presented in both Table 7.29 and Figure 7.21. 
 
As observed in Panel A, based on the smoothed data, EU-ex UK & Ge UPFs contributed greatly 
towards the four-asset efficient portfolios. The lower-bound of the risk-return spectrum, which 
represents minimal portfolio volatility, were dominated mainly by UPFs and stocks. Bonds 
were only active at the most conservative risk-return level, and were absent within the rest of 
the risk-return spectrum. Even EU-ex UK & Ge REITs were absent from the lower half of the 
optimal portfolios, as less-volatile stocks were more favourable for complementing UPFs in 
this condition. As the portfolio risk-return trade-off increased, UPFs were excluded altogether 
from the last three stages of the risk-return band, where only stocks and REITs coexisted 
together to deliver the optimal portfolio risk and return profile. REITs were maximised at 100% 
at the most optimistic risk-return level. Overall, the average returns and risk of these portfolios 
were 7.37% p.a. and 10.92%, respectively. This corresponds to an average allocation of 44.9% 
in EU-ex UK & Ge stocks, 34.5% UPFs, 17.5% REITs and 3.1% EU bonds. 
 
Panel B highlights the impact of basing the analysis on de-smoothed EU-ex UK & Ge UPF 
data. The higher volatility in this data did not significantly affect the overall allocations in 
UPFs, whose average decreased from 34.5% to 32.2%. Hence, whether based on smoothed or 
de-smoothed data, the overall result affirms the strong potential for EU-ex UK & Ge UPFs to 
co-exist efficiently with mainstream regional assets in a mixed-asset investment strategy. 
 
 
 
  
356 
 
Table 7.29 EU-ex UK & Ge UPF Mixed-asset Portfolio Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total 
EU-ex UK 
& Ge Stocks 
EU Bonds 
EU-ex UK 
& Ge REITs 
EU-ex UK 
& Ge UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 2.0% 34.2% 0.0% 63.8% 2.72% 1.38% 
100% 18.6% 0.0% 0.0% 81.4% 4.53% 3.29% 
100% 31.5% 0.0% 0.0% 68.5% 5.37% 5.20% 
100% 43.5% 0.0% 0.0% 56.5% 6.16% 7.11% 
100% 55.3% 0.0% 0.0% 44.7% 6.93% 9.02% 
100% 67.0% 0.0% 0.0% 33.0% 7.69% 10.92% 
100% 77.9% 0.0% 0.7% 21.4% 8.45% 12.83% 
100% 88.8% 0.0% 1.3% 9.9% 9.21% 14.74% 
100% 78.9% 0.0% 21.1% 0.0% 9.91% 16.65% 
100% 30.3% 0.0% 69.7% 0.0% 10.02% 18.56% 
100% 0.0% 0.0% 100.0% 0.0% 10.10% 20.47% 
Average 44.9% 3.1% 17.5% 34.5% 7.37% 10.92% 
Panel B: De-smoothed UPF series 
Total 
EU-ex UK 
& Ge Stocks 
EU Bonds 
EU-ex UK 
& Ge REITs 
EU-ex UK 
& Ge UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 2.7% 51.8% 0.0% 45.5% 2.59% 1.84% 
100% 18.0% 0.0% 0.0% 82.0% 4.83% 3.70% 
100% 32.5% 0.0% 0.0% 67.5% 5.72% 5.57% 
100% 44.9% 0.0% 0.0% 55.1% 6.48% 7.43% 
100% 56.7% 0.0% 0.0% 43.3% 7.21% 9.29% 
100% 68.3% 0.0% 0.0% 31.7% 7.91% 11.15% 
100% 79.1% 0.0% 0.5% 20.4% 8.61% 13.02% 
100% 89.4% 0.0% 1.6% 9.1% 9.31% 14.88% 
100% 75.0% 0.0% 25.0% 0.0% 9.92% 16.74% 
100% 29.5% 0.0% 70.5% 0.0% 10.03% 18.60% 
100% 0.0% 0.0% 100.0% 0.0% 10.10% 20.47% 
Average 45.1% 4.7% 18.0% 32.2% 7.52% 11.15% 
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Figure 7.21 EU-ex UK & Ge UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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As the mixed-asset portfolios were dominated by EU-ex UK & Ge property assets at almost 
every point of the risk-return spectrum, a constrained allocation analysis was also conducted 
to simulate a realistic property asset allocation used by institutional investors. Hence, the total 
property asset allocation was limited at 10%, meaning EU-ex UK & Ge UPFs and REITs were 
not permitted to exceed 10% allocation at any point of the risk-return spectrum. The results are 
reported in Table 7.30 and Figure 7.22. 
 
Using the unadjusted EU-ex UK & Ge UPF series (Panel A), the 10% cap adversely affected 
overall portfolio performance. For instance, at the minimum risk level, the constrained portfolio 
(2.39%) had markedly higher risk level than a similar unconstrained portfolio (1.38%). At this 
point, the unconstrained portfolio returned 2.72% p.a., compared to just 1.77% p.a. for the 
constrained one. Similarly, this effect extended to the portfolio at the most optimistic risk-
return level; annual returns for the unconstrained portfolio (10.10% p.a.) were marginally 
higher than those of the constrained portfolio (9.88% p.a.). However, at different exposures to 
volatility, the unconstrained portfolio was more risky (20.47%) than the constrained one 
(16.46%). In terms of allocation, UPFs dominated property allocations, mostly at the maximum 
10%, in the majority of the portfolio risk-retrun spectrum. At the most optimistic risk-return 
level, REITs were allocated at the maximum 10% level. 
 
The impact of using de-smoothed data on the EU-ex UK & Ge UPF average allocations was 
negligible - EU-ex UK & Ge UPFs were weighted similarly as per the smoothed series. The 
constrained analysis also resulted in EU-ex UK & Ge UPFs, based on smoothed or de-
smoothed data, playing a significant role in portfolios with low-to-medium risk-return levels. 
Overall, with or without constraint, EU-ex UK & Ge UPFs offer significant added-value in a 
regional mixed-asset portfolio.  
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Table 7.30 EU-ex UK & Ge UPF Mixed-asset Portfolio with Constraints: Q2:2010-
Q4:2015 
Panel A: Smoothed UPF series 
Total 
EU-ex UK 
& Ge Stocks 
EU Bonds 
EU-ex UK 
& Ge REITs 
EU-ex UK 
& Ge UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 3.9% 86.1% 0.0% 10.0% 1.77% 2.39% 
100% 21.4% 68.6% 0.0% 10.0% 3.28% 3.79% 
100% 31.3% 58.7% 0.0% 10.0% 4.13% 5.20% 
100% 40.5% 49.5% 0.0% 10.0% 4.92% 6.61% 
100% 49.3% 40.7% 0.0% 10.0% 5.68% 8.01% 
100% 58.0% 32.0% 0.0% 10.0% 6.43% 9.42% 
100% 66.5% 23.5% 0.0% 10.0% 7.18% 10.83% 
100% 75.1% 14.9% 0.0% 10.0% 7.91% 12.24% 
100% 83.5% 6.5% 0.0% 10.0% 8.64% 13.64% 
100% 90.6% 0.0% 1.4% 8.0% 9.33% 15.05% 
100% 90.0% 0.0% 10.0% 0.0% 9.88% 16.46% 
Average 55.5% 34.6% 1.0% 8.9% 6.29% 9.42% 
Panel B: De-smoothed UPF series 
Total 
EU-ex UK 
& Ge Stocks 
EU Bonds 
EU-ex UK 
& Ge REITs 
EU-ex UK 
& Ge UPFs 
Portfolio 
return 
Portfolio 
risk 
100% 4.0% 86.0% 0.0% 10.0% 1.81% 2.39% 
100% 21.4% 68.6% 0.0% 10.0% 3.32% 3.80% 
100% 31.4% 58.6% 0.0% 10.0% 4.18% 5.21% 
100% 40.5% 49.5% 0.0% 10.0% 4.97% 6.61% 
100% 49.3% 40.7% 0.0% 10.0% 5.73% 8.02% 
100% 58.0% 32.0% 0.0% 10.0% 6.48% 9.43% 
100% 66.6% 23.4% 0.0% 10.0% 7.22% 10.83% 
100% 75.1% 14.9% 0.0% 10.0% 7.96% 12.24% 
100% 83.6% 6.4% 0.0% 10.0% 8.69% 13.64% 
100% 90.3% 0.0% 1.6% 8.0% 9.37% 15.05% 
100% 90.0% 0.0% 10.0% 0.0% 9.88% 16.46% 
Average 55.5% 34.6% 1.1% 8.9% 6.33% 9.43% 
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Figure 7.22 EU-ex UK & Ge UPF Efficient Frontier Compositions with Constraints: 
Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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The regional optimal portfolio analysis highlights the viability of the European UPF markets 
as an alternative property asset that can act as an excellent portfolio diversifier in a regional 
mixed-asset investment framework. The use of different European UPF market composition 
did not significantly impact the overall allocations in UPFs, whose average ranging from 32.2% 
to 35.9% based on the de-smoothed data in the unconstrained portfolio analysis. The overall 
result affirms the strong potential for EU UPFs to co-exist efficiently with mainstream regional 
assets in a mixed-asset investment strategy. 
 
7.3.2.3. Blended Property Portfolio Analysis 
The previous analysis identified the effective roles of both EU UPFs and REITs in a European 
regional mixed-asset portfolio. Although both EU UPFs and REITs are of the same asset class, 
they were treated as separate entities. Thus, this section attempts to create a blended property 
structure that can commodify the distinct investment attributes of EU unlisted and listed 
property components, and treat them as a unified property asset class. This requires the creation 
of various blended property structures using both fixed-blend and optimal-blend property 
allocations that incorporate both regional EU UPF and EU REIT series over the full sample 
period. The risk and return statistics for blended property portfolios based on smoothed (Panel 
A) and unsmoothed (Panel B) data are presented in Table 7.31. 
 
Panel A shows the significant return enhancements that 50:50 (10.67% p.a.) and 70:30 (9.11% 
p.a.) fixed-blend property portfolios can provide relative to a portfolio composed of 100% EU 
UPFs (6.55% p.a.). The optimal blend of EU UPFs and EU REITs was 95:5, with returns 
(7.03% p.a.) between those achieved by the 70:30 and 50:50 blended property portfolios. A 
common side effect of exposure to listed assets is elevated risk; all blended property portfolios 
delivered their annual returns at higher volatility than with the original UPF series. It is also 
worth stating that all forms of blended property portfolios were less volatile than the portfolio 
with 100% EU REITs. On a risk-adjusted basis, the optimally-blended property portfolio (#1) 
was the best performer, while both fixed-blend property portfolios underperformed the pure 
UPF portfolio (#2). 
 
The de-smoothing procedure resulted in greater risk across the board for portfolios with 
unlisted assets. Notwithstanding this, all blended property portfolio risk levels were still lower 
than that of a 100% EU REIT portfolio. Improved risk-adjusted performance was evident 
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amongst the blended property portfolios, with the 73:27 optimally-blended structure (#1) 
delivering the best risk-adjusted return, followed by the 70:30 (#2) and 50:50 (#3) fixed-blend 
structures.  
 
Table 7.31 EU UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 Average 
annual 
return 
Annual 
risk 
Return /  
risk ratio 
Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 9.11% 6.55% 1.3902 3 
50% UPFs / 50% REITs 10.67% 9.66% 1.1052 4 
Optimal-blend property portfolio 
95% UPFs / 5% REITs 7.03% 3.88% 1.8136 1 
100% UPFs 6.55% 3.73% 1.7554 2 
100% REITs 14.05% 18.11% 0.7760 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 9.01% 8.65% 1.0418 2 
50% UPFs / 50% REITs 10.60% 10.81% 0.9808 3 
Optimal-blend property portfolio 
73% UPFs / 27% REITs 8.80% 8.44% 1.0430 1 
100% UPFs 6.43% 7.57% 0.8495 4 
100% REITs 14.05% 18.11% 0.1827 5 
 
The analysis was then extended to gauge the benefits of including all forms of blended property 
components in a regional mixed-asset portfolio with a 10% constraint. The risk and return 
characteristics are depicted in Table 7.32. As shown, all portfolios with 10% exposure to all 
forms of regional EU property assets demonstrated dramatic improvements in annual returns, 
risk and, correspondingly, risk-adjusted returns, compared to the baseline portfolio comprising 
EU stocks and bonds only. Most importantly, mixed-asset portfolios exposed to all forms of 
blended property components had better annual returns than those with a pure-UPF strategy, 
and this was achieved without significantly elevating the overall risk level. Although by 
statistical convention, pure UPF was the best performing strategy on a risk-adjusted basis 
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(compared to the blended property approach), the difference in return-risk ratios was so small 
that it negated any advantage of the former. In addition, the enhanced trade-ability and 
transparency benefits of exposure in listed property were not quantified in this analysis; 
therefore, it could be said that with a very small performance trade-off, investors could obtain 
larger investment benefits through blended property exposure. 
 
Table 7.32 EU UPF Blended Property Mixed-asset Portfolio Performance: Q2:2010-
Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Rank 
Panel A: Smoothed UPF series    
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 6.18% 8.93% 0.6913 3 
10% 50:50 Blended Property 6.33% 9.22% 0.6870 4 
10% Optimally Blended Property 5.97% 8.59% 0.6948 2 
10% UPFs 5.92% 8.51% 0.6953 1 
10% REITs 6.67% 9.95% 0.6704 5 
60% Stocks / 40% Bonds 5.77% 9.24% 0.6238 6 
Panel B: De-smoothed UPF series    
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 6.17% 8.97% 0.6875 3 
10% 50:50 Blended Property 6.33% 9.24% 0.6843 4 
10% Optimally Blended Property 6.15% 8.94% 0.6878 2 
10% UPFs 5.91% 8.57% 0.6896 1 
10% REITs 6.67% 9.95% 0.6704 5 
60% Stocks / 40% Bonds 5.77% 9.24% 0.6238 6 
 
7.3.2.4. Cointegration and Causality Analyses 
Table 7.33 displays the ADF test on level and first differences for EU UPFs, stocks, bonds and 
REITs over Q1:2010-Q4:2015. Generally, the results show that the variables were not fully 
integrated in the same order over the full sample period. Specifically, stocks and REITs rejected 
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the null hypothesis of unit root at a 5% significance level, while bonds did so at a 1% 
significance level. Regardless, EU regional bonds, stocks and REITs were stationary without 
having to resort to first differencing. Unlike the three other variables, EU-UPF data only 
rejected the null hypothesis of unit root after being transformed to first differences. Since the 
EU UPFs were fractionally integrated with other variables, the use of the ARDL cointegration 
test was justified.  
 
Table 7.33 ADF Unit Root Test for European Asset Classes: Q1:2010-Q4:2015  
Variable 
Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -1.3135 0.6034 -5.6958 0.0002 I(1) 
Bonds -5.0803 0.0005 -5.0334 0.0008 I(0) 
Stocks -3.7464 0.0114 -4.2224 0.0044 I(0) 
REITs -3.6163 0.0150 -3.8736 0.0097 I(0) 
Note: HR0R – non-stationary. 
 
The ARDL cointegration test adopted a dynamic lag model of [1,0,0,1], in which the lag period 
was automatically determined by minimising the AIC based on the specified maximum of four 
lags. The results of this analysis are contained in Table 7.34. The F-statistic of 1.49 was not 
significant, indicating no evidence of a stable long-run relationship between EU UPFs (as the 
response variable), and European regional stocks, bonds and REITs (as explanatory variables) 
over Q1:2010-Q4:2015. Further, the ARDL model passed all diagnostic tests for serial 
correlation and non-normality, indicating that the model was suitable and correctly specified. 
 
The lack of cointegration between EU UPFs and mainstream European regional asset classes 
was not conclusive enough to nullify the possibility of a causal relationship between the 
variables in at least one direction. To test this hypothesis, bivariate Granger causality tests were 
carried out using samples from Q1:2010-Q4:2015 (Table 7.35). The results support the null 
hypothesis of Granger non-causality from the European mainstream asset classes to EU UPFs, 
as none of the explanatory variables were statistically significant at the 5% level. Similarly, the 
results do not support the hypothesis of reverse causation (from EU UPFs to either EU bonds, 
stocks or REITs) as none of the F-statistic values were statistically significant at the 5% 
threshold. Taken together, these results emphasise the distinct characteristics of EU UPFs as 
an asset class, and any systematic shock emanating from regional financial assets would not 
affect EU UPFs. 
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Table 7.34 EU UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model 
Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 1.49 
ARDL 
[1,0,0,1] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
Serial correlation 0.3250 (0.6098)   
Normality 0.1484 (0.9284)   
Note: HR0R – no long-run cointegrating relationship. 
 
Table 7.35 EU UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value HR0 
UPFs 
→ 
Bonds 
0.3434 0.8423 Accept 
← 1.2747 0.5287 Accept 
UPFs 
→ 
Stocks 
1.1743 0.5559 Accept 
← 2.7359 0.2546 Accept 
UPFs 
→ 
REITs 
0.4808 0.7863 Accept 
← 2.4308 0.2966 Accept 
Note: HR0R – no causal relationship.  
 
7.3.2.5. Summary of Findings 
Table 7.36 presents the summary of the empirical results for European UPFs over 2010-2015. 
As shown in Panel A, European UPF markets only managed to outperform bonds in terms of 
average annual returns, but the low volatility of those returns translates into superior risk-
adjusted performance against regional mainstream asset class counterparts. In addition to this, 
all European UPF markets show higher relevance in the regional mixed-asset investment 
framework due to the low linear relationship with their respective regional stocks and REITs 
(Panel B). This is further supported by the mean-variance analysis (Panel C), where all 
European UPF markets accounted for around one-third of the allocation in the optimal regional 
mixed-asset portfolio. Panel D summarises the EU UPF blended property portfolio 
performance analysis. As observed, both the fixed- and optimal-blend property portfolio 
structures were able to improve upon the absolute return performance compared to investing 
solely in EU UPFs. However, the cost of exposure in listed property investment product is 
higher portfolio risk level compared to pure EU UPFs portfolio. Notwithstanding, investors are 
still offered improved risk-adjusted performance by obtaining property exposure via blended 
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property portfolio. Further testing of EU UPFs’ diversification benefits via the cointegration 
and Granger causality tests (Panel E) further corroborates the important role of EU UPFs in the 
regional mixed-asset investment framework, both in long- and short-term investment horizons. 
 
Table 7.36 Summary of Findings: European Regional UPF  
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
Europe  Bonds ✓ ✕ ✓ 
 Stocks ✕ ✓ ✓ 
 REITs ✕ ✓ ✓ 
Ex. UK Bonds ✓ ✕ ✓ 
Stocks ✕ ✓ ✓ 
REITs ✕ ✓ ✓ 
Ex. UK and 
Germany 
Bonds ✓ ✕ ✓ 
Stocks ✕ ✓ ✓ 
REITs ✕ ✓ ✓ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks UPFs-REITs 
Europe 0.08 0.80 0.30 
Ex. UK -0.21 0.81 0.11 
Ex. UK and Germany -0.07 0.82 0.09 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs 
Europe 33.3% 17.6% 0.4% 48.7% 
Ex. UK 35.9% 5.0% 21.1% 38.0% 
Ex. UK and Germany 32.2% 4.7% 45.1% 18.0% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✕ ✓ 
Fixed-blend 70:30 ✓ ✕ ✓ 
Optimal blend ✓ ✕ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕ ✕ 
Granger-causing ✕ ✕  ✕ 
Granger-caused by  ✕ ✕ ✕ 
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7.4. UPFs IN GLOBAL INTER-PROPERTY AND MIXED-ASSET INVESTMENT 
STRATEGIES 
In this section, the risk-adjusted performance and diversification benefits of three regional UPF 
markets, namely Europe, Asia-Pacific and the US, were assessed over Q2:2010-Q4:2015 by 
using the total return performance index stated in US$. An inter-UPF portfolio composed of 
assets from these three regional markets was constructed and assessed. Further, a multi-
medium property portfolio composed of Europe, Asia-Pacific and US UPF and REIT assets 
was constructed and examined. For the aggregate global-level investment format, a broad, 
global UPF index, with equivalent indices for bonds, stocks and REITs, was used. Similarly, 
the risk-adjusted performance and diversification benefits of UPFs in a global investment 
dimension was assessed. The importance of this section is highlighted by many investors today 
seeking global property portfolios, as evidenced in Chapter 2 of this thesis. 
 
7.4.1. UPFs in an Intercontinental Inter-Property Investment Strategy 
7.4.1.1. Risk-adjusted Performance Analysis 
Risk-adjusted return performance, based on smoothed and de-smoothed UPF market data from 
the Asia-Pacific, Europe and US over Q2:2010 to Q4:2015, is shown in Table 7.37. In terms 
of investment returns, the US UPF market (15.55% p.a.) delivered more than double the returns 
of the Asia-Pacific UPF market (7.34% p.a.), and at least five times the returns of the European 
UPF market (2.77% p.a.). This exceptional annual return performance by US-UPFs was paired 
with a substantially lower risk level (5.61%) than that seen for Asia-Pacific UPFs (8.03%), 
with European UPFs having the highest risk (8.92%). Their mediocre annual returns, coupled 
with excessively high risk, adversely affected the risk-adjusted performance of the European 
UPF market (return-to-risk ratio = 0.31), positioning it in last place in risk-adjusted 
performance rankings. In contrast, the US (return-to-risk ratio = 2.77) had the best-performing 
UPF market, which ranked in 1Pst P place on the risk-adjusted performance rankings. Asia-Pacific 
UPFs (return-to-risk ratio = 0.91) was positioned in second place overall.  
 
When the smoothing-correction procedure was carried out, the impact on the risk level varied 
across regions. For instance, European UPFs were the most impacted by the de-smoothing 
process, recording an adjustment factor 2.39 times that of the smoothed series, while the Asia-
Pacific UPFs’ risk level adjusted by a factor of 2.33. US UPFs were the least affected, having 
an increase in standard deviation 1.60 times that of the smoothed series. 
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Table 7.37 Continental UPF Risk-adjusted Performance Analysis: Q2:2010-Q4:2015 
 Average annual 
return 
Annual risk Return/risk 
ratio 
Rank 
Asia-Pacific  7.34% 8.03% 0.91 3 
Europe 2.77% 8.92% 0.31 5 
US 15.55% 5.61% 2.77 1 
Ds-Asia-Pacific 6.63% 18.67% 0.36 4 
Ds-Europe 1.71% 21.29% 0.08 6 
Ds-US 16.40% 8.98% 1.83 2 
 
Figure 7.23 plots the risk-return profile of Asia-Pacific, European and US-UPF markets based 
on the results of the earlier risk-adjusted return analysis. In addition, the risk and return profiles 
of the de-smoothed series were also plotted on the scatter diagram to assess the impact of 
induced volatility on risk-return attributes. Unexpectedly, US-UPFs were positioned in the 
superior upper-left quadrant of the scatter diagram, which implies that they can produce greater 
investment returns without having to expose investors to a high level of variance. Interestingly, 
even with the extra volatility of the de-smoothed series, US-UPFs maintained their position in 
the high-return/low-risk quadrant. This shows that, whether based on smoothed or de-smoothed 
data, the analyses suggest that US-UPFs are an attractive investment proposition for investors 
looking for exposure in US property assets with exceptional risk-return characteristics.  
 
The smoothed Asia-Pacific and European UPF series are in the lower-left section of the scatter 
diagram, which is not unexpected for a non-listed property investment medium, which are 
traditionally characterised as having low return/low risk attributes44T. However, significant 
changes were observed when the data were corrected for valuation-smoothing-data for both of 
these UPF markets then occupied the inferior lower-right quadrant of the scatter diagram. The 
extra volatility introduced from the de-smoothing process indicates that assets from both of 
these UPF markets will have unfavourable risk-return trade-offs. 
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Figure 7.23 Continental UPF Risk and Return Diagram: Q2:2010-Q4:2015 
 
 
To assess the potential for diversification in a inter-continental UPF investment strategy, the 
correlation coefficient analysis was conducted over Q2:2010-Q4:2015, for both the smoothed 
and smoothing-corrected regional UPF series (Table 7.38). Using the smoothed UPF quarterly 
total return series (Panel A), it is evident that there was a marginally strong linear relationship 
between the quarterly returns of UPF markets in Asia-Pacific and Europe (r = 0.59). In 
contrast, investors could achieve better diversification benefits by combining US and European 
UPF assets (r = 0.12) in a portfolio. Even greater diversification benefits could be obtained by 
combining US and Asia-Pacific UPFs (r = 0.09). 
 
The use of the smoothing-corrected UPF series (Panel B) resulted in mixed, but mostly positive 
results. Small but noticeable enhancements in diversification benefits were observed between 
UPF markets in the Asia-Pacific and Europe in terms of an improved correlation coefficient (r 
= 0.56, down from r = 0.59). Similarly, UPF markets in the US and Asia-Pacific also benefited 
with a reduced correlation coefficient (from r = 0.09 to r = 0.07). In contrast, UPF assets from 
the US and Europe had lower diversification benefits (from r = 0.12 to r = 0.21) after the de-
smoothing process. 
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Table 7.38 Continental UPF Correlation Matrix: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Asia-Pacific Europe US 
Asia-Pacific 1.00   
Europe 0.59* 1.00  
US 0.09 0.12 1.00 
Panel B: De-smoothed UPF series  
 Asia-Pacific Europe US 
Asia-Pacific 1.00   
Europe 0.56* 1.00  
US 0.07 0.21 1.00 
*: significant correlation (P < 0.05) 
 
Figure 7.24 compares inter-continental diversification benefits from inter-UPF, inter-REIT and 
inter-stock investment perspectives. In summary, investors seeking a cross-continent inter-UPF 
(average r = 0.44) investment strategy will be able to achieve 33% more effective 
diversification compared to investing in a cross-continental inter-REIT (average r = 0.66) 
investment framework. The inter-UPF diversification advantage was more pronounced when 
pitted against a inter-continental inter-stock portfolio (average r = 0.87). In this case, the former 
strategy delivered diversification that was 49% more effective than that of the latter. 
 
Removing smoothing-bias (Panel B) resulted in better diversification benefits being estimated 
for the inter-UPF portfolio (Panel B), which recorded an average cross-correlation of r = 0.33. 
Consequently, the inter-UPF portfolio was 65% and 50% more effective at diversification 
compared to inter-stock and inter-REIT portfolios, respectively. Overall, these results amplify 
the highly effective cross-continental inter-UPF investment strategy that investors can attain; a 
benefit somewhat unachievable through the various continental REIT or stock markets. 
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Figure 7.24 Inter-Continent Correlation: UPFs vs REITs vs Stocks: Q2:2010-Q4:2015 
 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
 
 
7.4.1.2. Inter-UPF Portfolio Analysis 
Table 7.39 tabulates the composition of efficient portfolios constructed using the mean-
variance optimisation process based on unadjusted (Panel A) and smoothing-adjusted (Panel 
B) data from the Asia-Pacific, European and US-UPF markets over the period Q2:2010-
Q4:2015. The expected total investment return and risk levels for the various optimised 
portfolios are highlighted. Figure 7.25 illustrates the contributions of individual UPF markets 
towards portfolio structures, relative to the risk level. 
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Using the original total return series (Panel A), portfolio expected total returns varied from 
12.25-15.55% p.a., with risk levels ranging from 4.81%-5.73%, according to the risk-return 
level (from initial to highest). US UPFs featured prominently in this optimised portfolio, with 
overweight allocations in US UPFs seemingly present throughout the entire risk-return 
spectrum. The relatively weak performance of European UPFs resulted in their limited 
allocation, which was confined to the conservative portfolio risk-return band. As for Asia-
Pacific UPFs, their strong diversification benefits with US UPFs were leveraged effectively in 
the mean-variance optimisation process to reduce portfolio volatility, particularly at the lower 
bound of the risk-return spectrum. On average, portfolio efficiency could be achieved by 
allocating 87.1% of the portfolio to US UPFs, 12.0% to Asia-Pacific UPFs and 0.9% to 
European UPFs.  
 
The use of the de-smoothed Asia-Pacific, Europe and US UPF series (Panel B) reaffirmed the 
significant role of US UPFs in shaping the risk-return profiles of the inter-UPF optimised 
portfolios. In the Asia-Pacific, the marked and significant increase in risk level resulted in 
diminishing allocations to this UPF market throughout the risk-return spectrum. The average 
allocation was halved (from 12.0% to 6.1%). This small allocation in Asia-Pacific UPFs did 
not enhance the portfolio’s total return performance, rather, it was done to reduce risk. On the 
other hand, with the meagre return-to-risk ratio of 0.08, the inter-UPF efficient portfolio did 
not see any benefit of having an allocation of European UPFs, causing this regional UPF market 
to be excluded entirely. This is also due to the fact that UPF markets in the Asia-Pacific and 
Europe were marginally correlated over the full study period. In contrast, the limited exposure 
in Asia-Pacific and European assets resulted in improvement to the already significant role of 
US UPFs, which increased in average allocation from 87.1% to 93.9%. Unsurprisingly, use of 
the filtered UPF series caused the average portfolio risk level to increase by 337 basis points 
to 8.64%, up from 5.27% with the unadjusted UPF series. 
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Table 7.39 Inter-continental Inter-UPF Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total Asia-Pacific  Europe US 
Portfolio 
return 
Portfolio  
risk 
100% 25.5% 9.4% 65.1% 12.25% 4.81% 
100% 25.5% 0.1% 74.4% 13.44% 4.90% 
100% 20.3% 0.0% 79.7% 13.88% 5.00% 
100% 16.5% 0.0% 83.5% 14.19% 5.09% 
100% 13.4% 0.0% 86.6% 14.44% 5.18% 
100% 10.7% 0.0% 89.3% 14.67% 5.27% 
100% 8.3% 0.0% 91.7% 14.87% 5.37% 
100% 6.0% 0.0% 94.0% 15.05% 5.46% 
100% 3.9% 0.0% 96.1% 15.23% 5.55% 
100% 1.9% 0.0% 98.1% 15.39% 5.64% 
100% 0.0% 0.0% 100.0% 15.55% 5.73% 
Average 12.0% 0.9% 87.1% 14.45% 5.27% 
Panel B: De-smoothed UPF series 
Total Asia-Pacific  Europe US 
Portfolio 
return 
Portfolio  
risk 
100% 17.1% 0.0% 82.9% 14.73% 8.29% 
100% 11.8% 0.0% 88.2% 15.25% 8.36% 
100% 9.6% 0.0% 90.4% 15.46% 8.43% 
100% 7.9% 0.0% 92.1% 15.63% 8.50% 
100% 6.4% 0.0% 93.6% 15.77% 8.57% 
100% 5.1% 0.0% 94.9% 15.90% 8.64% 
100% 4.0% 0.0% 96.0% 16.01% 8.71% 
100% 2.9% 0.0% 97.1% 16.12% 8.77% 
100% 1.9% 0.0% 98.1% 16.22% 8.84% 
100% 0.9% 0.0% 99.1% 16.31% 8.91% 
100% 0.0% 0.0% 100.0% 16.40% 8.98% 
Average 6.1% 0.0% 93.9% 15.80% 8.64% 
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Figure 7.25 Inter-continental Inter-UPF Efficient Frontier Compositions:  
Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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7.4.1.3. Multi-medium Property Portfolio Analysis  
The existing efficient portfolio sets containing UPFs were then expanded to include the 
continental REIT markets as a proxy for listed property investment vehicles. This was needed 
to explore the compatibility and supportive roles that could be achieved in an international 
multi-medium property portfolio by exploiting the complementary investment attributes and 
dynamics of global UPF and REIT markets. This also allows institutional investors to create 
an efficient property portfolio by having the best of both unlisted and listed property worlds 
through exposure to UPFs and REITs. The significance of this analysis is presented in Table 
7.40, while Figure 7.26 presents asset allocations relative to the portfolio risk level. The mean-
variance optimisation results are segregated based on the use of smoothed (Panel A) and de-
smoothed UPF series (Panel B). 
  
With the portfolio constructed using the original UPF series and REITs (Panel A), the total 
average allocation in continental REIT markets was 6.4%, with the European REIT market 
acting as the main driver of REIT allocation in this six-asset intercontinental multi-medium 
property portfolio. The Asia-Pacific REIT market made a limited appearance at the 
conservative portfolio risk-return levels, and a very limited allocation in US REITs was also 
observed. On the unlisted front, the mean-variance optimisation process suggested an 
overweight allocation in US-UPFs, but Asia-Pacific UPFs were weighted marginally in the 
lower half of the spectrum. Europe UPFs were weighted sparingly in conservative risk-return 
portfolios.  
 
The de-smoothing process caused some allocations to migrate towards continental REIT assets, 
whose total average allocation more than doubled (from 6.4% to 14.5%). The European REIT 
market spearheaded the overall allocation in REIT assets, with REIT assets from the Asia-
Pacific and US being minimally weighted. For instance, Asia-Pacific REITs were allocated as 
high as 24.7% in the most conservative portfolio, while US REITs had more diverse but smaller 
allocations across the risk-return spectrum. European UPFs were the most affected by the 
increased volatility, with this UPF market being sidelined in the optimisation process. US UPFs 
were still dominant in this multi-medium property portfolio, while Asia-Pacific UPFs 
maintained their contribution to lower risk-return band of the optimised portfolios.
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Table 7.40 Inter-continental Inter-property Asset Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 UPFs REITs Portfolio 
Total AP EU US AP EU US Return Risk 
100% 21.8% 10.8% 55.4% 7.5% 4.4% 0.0% 11.65% 4.16% 
100% 21.0% 0.6% 68.4% 4.8% 5.3% 0.0% 13.14% 4.30% 
100% 15.8% 0.0% 75.6% 2.4% 6.2% 0.0% 13.72% 4.45% 
100% 11.5% 0.0% 81.0% 0.6% 7.0% 0.0% 14.13% 4.59% 
100% 7.6% 0.0% 85.3% 0.0% 7.1% 0.0% 14.47% 4.74% 
100% 4.2% 0.0% 88.9% 0.0% 7.0% 0.0% 14.77% 4.88% 
100% 1.1% 0.0% 92.1% 0.0% 6.8% 0.0% 15.03% 5.03% 
100% 0.0% 0.0% 95.1% 0.0% 4.9% 0.0% 15.24% 5.17% 
100% 0.0% 0.0% 96.2% 0.0% 2.6% 1.2% 15.36% 5.32% 
100% 0.0% 0.0% 97.1% 0.0% 0.7% 2.2% 15.47% 5.46% 
100% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 15.55% 5.61% 
Average 7.5% 1.0% 85.0% 1.4% 4.7% 0.3% 14.41% 4.88% 
Panel B: De-smoothed UPF series 
 UPFs REITs Portfolio 
Total AP EU US AP EU US Return Risk 
100% 22.3% 1.6% 45.0% 24.7% 6.4% 0.0% 11.86% 5.89% 
100% 14.8% 0.0% 62.3% 14.1% 8.8% 0.0% 13.37% 6.20% 
100% 11.2% 0.0% 69.0% 8.7% 9.8% 1.3% 13.99% 6.51% 
100% 8.4% 0.0% 74.2% 4.1% 10.5% 2.9% 14.48% 6.82% 
100% 5.9% 0.0% 78.7% 0.1% 11.1% 4.2% 14.92% 7.13% 
100% 3.0% 0.0% 82.8% 0.0% 9.8% 4.4% 15.30% 7.44% 
100% 0.4% 0.0% 86.5% 0.0% 8.7% 4.4% 15.63% 7.75% 
100% 0.0% 0.0% 89.1% 0.0% 4.8% 6.1% 15.91% 8.05% 
100% 0.0% 0.0% 91.0% 0.0% 1.3% 7.7% 16.11% 8.36% 
100% 0.0% 0.0% 95.3% 0.0% 0.0% 4.7% 16.28% 8.67% 
100% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 16.40% 8.98% 
Average 6.0% 0.1% 79.4% 4.7% 6.5% 3.3% 14.93% 7.44% 
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Figure 7.26 Inter-continental Inter-property Efficient Frontier Compositions:      
Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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7.4.2. UPFs in a Global Mixed-asset Investment Strategy 
This section assesses the performance and diversification benefits of UPFs in the context of 
global investment strategy. This involves the use of various investment performance measures 
such as annual returns, annual volatility, return-to-risk ratio and diversification benefits. 
Equivalent time series for globally-diversified conventional asset classes such as bonds, stocks 
and REITs are also included for comparative purposes. Further, this section will analyse the 
contribution of UPFs to a global mixed-asset portfolio in terms of return enhancement and 
volatility reduction. The last analysis facilitates the assessment of long- and short-term linkages 
between global UPFs and global common asset classes. 
 
7.4.2.1. Risk-adjusted Performance Analysis 
The risk-adjusted return performance for both smoothed and de-smoothed global UPFs over 
the period of Q2:2010-Q4:2015 is shown in Table 7.41. In terms of annualised returns, global 
REITs (11.45% p.a.) figured prominently in this performance analysis, while global UPFs 
(7.42% p.a.) delivered a slightly higher annual return compared to global stocks (7.21% p.a.). 
In the meantime, all asset classes delivered annual returns much higher than those of global 
bonds (1.47% p.a.). Whilst global UPFs delivered substantially lower annual returns than that 
of their listed counterpart, this was attenuated by a lower exposure to risk (5.39%) than that of 
investing in REITs (15.82%); resulting in global UPFs being the best-performing asset class 
on a risk-adjusted basis over the full sample period. When the smoothing correction procedure 
was applied, global UPFs recorded a risk level of 12.55%, which translates to an adjustment 
factor 2.33 times that of the smoothed series. These extra levels of variance unavoidably 
impacted the risk-adjusted performance of global UPFs; with a return-to-risk ratio of 0.60, 
global UPFs were ranked lower than REITs (return-to-risk ratio = 0.72) on the risk-adjusted 
ranking, but maintained superiority over global stocks and bonds. 
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Table 7.41 Global UPF Performance Analysis: Q2:2010-Q4:2015 
Global Asset Average annual 
return 
Annual risk 
Return/risk 
ratio 
Rank 
UPFs     
Smoothed 7.42% 5.39% 1.38 1 
De-smoothed 7.56% 12.55% 0.60 3 
Bonds 1.47% 4.87% 0.30 5 
Stocks 7.21% 16.60% 0.43 4 
REITs 11.45% 15.82% 0.72 2 
 
Figure 7.27 plots the risk-return profiles of global UPFs and mainstream asset classes over 
Q2:2010-Q4:2015. As evident in the previous analysis, the abnormal risk-return trade-off 
observed in the unsmoothed global UPF data has resulted in global UPFs being the only asset 
class positioned in the superior upper-left quadrant of the scatter diagram. In contrast, the lower 
volatility attached to a high probability of low return seen in the bonds asset class, positioned 
it in the lower-left; ordinary quadrant of the scatter diagram associated with low-risk/low-return 
investments. All listed global mainstream asset classed, namely stocks and REITs, were 
rightfully positioned in the normal quadrant for investments with a high risk-return trade-off; 
the upper-right quadrant of the scatter diagram. While no global mainstream asset classes were 
positioned in the inferior quadrant, stocks were positioned on the borderline between the high-
risk/high-return quadrant and high-risk/low-return quadrant.  
 
The impact of de-smoothing the global UPF series is readily observable in the risk-return 
scatter plot. Global UPFs exhibited a significant rightward-shifting on the x-axis, due to the 
extra risk introduced from the de-smoothing procedure. 
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Figure 7.27 Global UPF Risk and Return Diagram: Q2:2010-Q4:2015 
 
 
The inter-asset correlation matrix between the global UPFs and other global mainstream asset 
classes is presented in Table 7.42. The most interesting observation is that the quarterly total 
returns of global UPFs were weakly negatively correlated with all global listed assets, namely 
stocks (r = -0.15) and REITs (r = -0.15). However, lesser diversification benefits could be 
achieved with the globally-diversified bond asset class (r = 0.27) if both of them were included 
in a mixed-asset portfolio. Institutional investors seeking to construct a global mixed-asset 
portfolio would not obtain effective diversification by pairing global stocks and REITs (r = 
0.79); in this case, they would be better off pairing global REITs or stocks with global UPFs. 
Interestingly, more significant diversification benefits were obtained when the adjusted global 
UPF series was utilised. The correlation coefficient of global UPFs with bonds was improved 
(from r = 0.27 to r = 0.05), with stronger inverse correlation coefficients recorded with REITs 
and stocks. 
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Table 7.42 Global UPF Correlation Matrix: Q2:2010-Q4:2015 
 UPFs Ds-UPFs Bonds Stocks REITs 
UPFs 1.00     
Ds-UPFs 0.90* 1.00    
Bonds 0.27 0.05 1.00   
Stocks -0.15 -0.39 -0.04 1.00  
REITs -0.15 -0.32 0.20 0.79* 1.00 
*: significant correlation (P < 0.05) 
 
7.4.2.2. Mixed-asset Portfolio Analysis 
Table 7.43 and Figure 7.28 present the various global portfolio-mix scenarios and their 
corresponding expected returns and risk over the period Q2:2010-Q4:2015, with a focus on 
assessing the role of UPFs in this global mixed-asset investment portfolio. The optimised 
portfolio composed of the conventional global asset classes and smoothed global UPF data 
(Panel A) delivered minimum and maximum annual returns of 4.42% p.a. and 11.45% p.a., 
respectively, with risk ranging from 3.81-15.82%. The set of 11 efficient portfolios gave an 
average annual return of 9.52% p.a. attached to a 9.82% risk level. A similar test was then 
performed with the volatility-injected global UPF series (Panel B) in place. This resulted in the 
optimal portfolios having average returns that were 46 basis points lower (9.06% p.a. versus 
9.52% p.a.) and an average portfolio standard deviation that was 17 basis points higher (9.99% 
versus 9.82%).  
 
Without factoring in smoothing bias (Panel A), global UPFs dominated the portfolios optimised 
for a conservative risk-return trade-off, hence affirming the less-risky investment attributes of 
global UPFs. At the higher end of the risk-return spectrum, the optimal portfolio allocation was 
mainly dominated by the higher-yielding global REITs, due to them delivering a higher risk-
return trade-off over the full sample period. With the added volatility invoked from the de-
smoothing procedure (Panel B), global UPFs exhibited a comparable return-to-risk ratio to that 
of global REITs. This means that any weighting to global UPFs would be solely based on 
harnessing their diversification benefits. This consequently resulted in some allocations being 
ceded to global bonds and stocks in the initial three stages of the optimised portfolios. Be that 
as it may, with the exception in the most optimistic efficient set, global UPFs were still 
prominently featured across the entire portfolio risk-return spectrum. 
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Table 7.43 Global UPF Mixed-asset Portfolio Allocation: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total Stocks Bonds REITs UPFs Portfolio 
return 
Portfolio 
risk 
100% 8.0% 50.2% 0.0% 41.8% 4.42% 3.81% 
100% 0.0% 0.0% 21.5% 78.5% 8.29% 5.01% 
100% 0.0% 0.0% 36.1% 63.9% 8.88% 6.21% 
100% 0.0% 0.0% 46.0% 54.0% 9.27% 7.41% 
100% 0.0% 0.0% 54.6% 45.4% 9.62% 8.62% 
100% 0.0% 0.0% 62.7% 37.3% 9.95% 9.82% 
100% 0.0% 0.0% 70.4% 29.6% 10.26% 11.02% 
100% 0.0% 0.0% 78.0% 22.0% 10.56% 12.22% 
100% 0.0% 0.0% 85.4% 14.6% 10.86% 13.42% 
100% 0.0% 0.0% 92.7% 7.3% 11.16% 14.62% 
100% 0.0% 0.0% 100.0% 0.0% 11.45% 15.82% 
Average 0.7% 4.6% 58.9% 35.9% 9.52% 9.82% 
Panel B: De-smoothed UPF series 
Total Stocks Bonds REITs UPFs Portfolio 
return 
Portfolio 
risk 
100% 11.8% 72.4% 0.0% 15.7% 3.11% 4.15% 
100% 9.1% 40.1% 17.8% 33.0% 5.78% 5.32% 
100% 4.6% 23.0% 30.7% 41.6% 7.34% 6.49% 
100% 0.7% 8.0% 42.1% 49.2% 8.71% 7.65% 
100% 0.0% 0.0% 55.8% 44.2% 9.73% 8.82% 
100% 0.0% 0.0% 66.3% 33.7% 10.14% 9.99% 
100% 0.0% 0.0% 74.2% 25.8% 10.45% 11.15% 
100% 0.0% 0.0% 81.3% 18.7% 10.72% 12.32% 
100% 0.0% 0.0% 87.8% 12.2% 10.98% 13.49% 
100% 0.0% 0.0% 94.0% 6.0% 11.22% 14.65% 
100% 0.0% 0.0% 100.0% 0.0% 11.45% 15.82% 
Average 2.4% 13.1% 59.1% 25.5% 9.06% 9.99% 
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Figure 7.28 Global UPF Efficient Frontier Compositions: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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The previous unconstrained mean-variance analysis resulted in more than 85% of the 
portfolios’ value being allotted to listed and unlisted property assets. Whilst this is favourable 
from a risk-adjusted performance perspective, it begs the question as to whether global UPFs 
and REITs have the necessary scale to meet the suggested allocations in institutional investor 
portfolios. The ideal property asset allocation amongst institutional investors ranges between 
5-10%, with some optimistic institutional portfolios going as high as 20%. The mean-variance 
optimisation process used in the present study assumes a 10% constraint for total global 
property assets, while global stocks and bonds are not constrained. The significance of this 
analysis is presented in Table 7.44, while Figure 7.29 complements these results with a diagram 
of different asset allocations relative to the portfolio risk level. 
 
Unexpectedly, the constrained mixed-asset portfolio took a significant performance hit 
throughout the risk-return spectrum, as poorer-performing global asset classes, namely stocks 
and bonds, filled the gaps left after global UPFs and REITs were capped. Global bonds were 
highly allocated in the lower half of the risk-return spectrum, and were gradually taken over by 
global stocks as risk levels increased. 
 
In analyses based on either smoothed (Panel A) or unsmoothed (Panel B) data, the 10% 
allocation cap did not exclude global UPFs from playing a significant role in global mixed-
asset portfolios. The majority of 10% limit was allocated to global UPFs in nine out of eleven 
portfolio risk-return bands. On the other hand, the higher-yielding global REITs were more 
desirable at the higher end of the risk-return spectrum, indicating that further performance 
enhancement could be achieved by exploiting the greater risk-return trade-off of global REITs. 
 
The impact of the de-smoothing procedure provided no discernible impact on the average 
allocation of global UPFs (8.8% versus 9.0%); however, it is noteworthy that, with the adjusted 
data, global UPFs were weighted less in the 10Pth P optimised portfolio (6.9% versus 8.8%). 
Overall, the results present a compelling case for UPFs being an attractive alternative asset 
class that can efficiently contribute to the construction of global mixed-asset investment 
framework, and at the same time, gain exposure in a globally-diversified indirect property 
investment vehicle. 
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Table 7.44 Global UPF Mixed-asset Allocation with Constraints: Q2:2010-Q4:2015 
Panel A: Smoothed UPF series 
Total Stocks Bonds REITs UPFs Portfolio 
return 
Portfolio 
risk 
100% 8.7% 81.3% 0.0% 10.0% 2.57% 4.30% 
100% 28.2% 61.8% 0.0% 10.0% 3.69% 5.49% 
100% 37.9% 52.1% 0.0% 10.0% 4.24% 6.68% 
100% 46.4% 43.6% 0.0% 10.0% 4.73% 7.87% 
100% 54.3% 35.7% 0.0% 10.0% 5.18% 9.06% 
100% 61.9% 28.1% 0.0% 10.0% 5.62% 10.26% 
100% 69.3% 20.7% 0.0% 10.0% 6.04% 11.45% 
100% 76.6% 13.4% 0.0% 10.0% 6.46% 12.64% 
100% 83.8% 6.2% 0.0% 10.0% 6.88% 13.83% 
100% 90.0% 0.0% 1.2% 8.8% 7.28% 15.02% 
100% 90.0% 0.0% 10.0% 0.0% 7.63% 16.21% 
Average 58.8% 31.2% 1.0% 9.0% 5.48% 10.26% 
Panel B: De-smoothed UPF series 
Total Stocks Bonds REITs UPFs Portfolio 
return 
Portfolio 
risk 
100% 10.8% 79.2% 0.0% 10.0% 2.70% 4.22% 
100% 30.2% 59.8% 0.0% 10.0% 3.81% 5.42% 
100% 39.9% 50.1% 0.0% 10.0% 4.37% 6.62% 
100% 48.4% 41.6% 0.0% 10.0% 4.86% 7.82% 
100% 56.3% 33.7% 0.0% 10.0% 5.31% 9.02% 
100% 63.9% 26.1% 0.0% 10.0% 5.75% 10.22% 
100% 71.4% 18.6% 0.0% 10.0% 6.18% 11.42% 
100% 78.7% 11.3% 0.0% 10.0% 6.60% 12.62% 
100% 85.9% 4.1% 0.0% 10.0% 7.01% 13.82% 
100% 90.0% 0.0% 3.1% 6.9% 7.37% 15.02% 
100% 90.0% 0.0% 10.0% 0.0% 7.63% 16.21% 
Average 60.5% 29.5% 1.2% 8.8% 5.60% 10.22% 
 
 
 
 
 
 
 
386 
 
Figure 7.29 Global UPF Efficient Frontier Compositions with Constraints: Q2:2010-
Q4:2015 
Panel A: Smoothed UPF series 
 Panel B: De-smoothed UPF series 
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7.4.2.3. Blended Property Portfolio Analysis 
 
The previous constrained optimal portfolio analysis presented a strong justification, from the 
perspective of performance enhancement, for investors to include global UPFs in their 
investment portfolios. However, the sole allocation in global UPFs across the conservative and 
moderate risk-return spectrum raises the issue of concentration risk, especially in the context 
of portfolio liquidity and transparency.  
 
Table 7.45 presents a simple solution for creating a property portfolio with improved risk-
adjusted performance, trade-ability and enhanced transparency through optimum exposure in 
global listed and unlisted property components. The implications of using the smoothed (Panel 
A) and de-smoothed (Panel B) global UPF series in creating the blended property portfolio are 
also presented. As evident in Panel A, the blended property portfolio composed of unadjusted 
global UPFs and REITs at fixed ratios of 50:50 (9.82% p.a.) and 70:30 (8.95% p.a.) had greatly 
enhanced absolute returns compared to the portfolio composed of 100% global UPFs (7.42% 
p.a.). Meanwhile, optimally blending the property components resulted in a structure of 82% 
global UPFs and 18% REITs delivering 8.39% p.a. in annual returns. The higher exposure in 
the listed component inevitably resulted in an elevated risk level; both the 50:50 (7.96%) and 
70:30 (5.60%) fixed-blend property structures had higher risk than the pure UPF one (5.39%), 
but were much less risky than a pure REIT (15.82%) approach. In contrast, as the optimally-
blended property portfolio (4.89%) could exploit the benefits of diversification between listed 
and unlisted components, it was the least volatile blended property structure. On a risk-adjusted 
basis, both the 70:30 fixed-blend and optimally-blended property portfolios were able to 
outperform the pure global UPF portfolio. 
 
When the various blended property portfolios were constructed using the de-smoothed global 
UPF series (Panel B), the results were in favour of the blended property portfolio compared to 
a pure UPF portfolio. The risk-adjusted return-focused 53:47 optimal-blend property portfolio 
(#1) delivered the best risk-adjusted performance without sacrificing liquidity requirements. 
The liquidity-focused 50:50 (#2) and 70:30 (#3) fixed-blend portfolios also outperformed the 
portfolios composed of pure global REITs (#4) and pure global UPFs (#5). Overall, with the 
global investment landscape now prioritising greater transparency and liquidity, the results 
shown in this analysis present a strong case for blended property portfolios as a more viable 
structure for gaining exposure in property assets. 
388 
 
Table 7.45 Global UPF Blended Property Portfolio Performance: Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/ 
risk ratio 
Rank 
Panel A: Smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 8.95% 5.60% 1.60 2 
50% UPFs / 50% REITs 9.82% 7.96% 1.23 4 
Optimal-blend property portfolio 
82% UPFs / 18% REITs 8.39% 4.89% 1.71 1 
100% UPFs 7.42% 5.39% 1.38 3 
100% REITs 11.45% 15.82% 0.72 5 
Panel B: De-smoothed UPF series 
Fixed-blend property portfolio 
70% UPFs / 30% REITs 9.28% 8.57% 1.08 3 
50% UPFs / 50% REITs 10.17% 8.40% 1.21 2 
Optimal-blend property portfolio 
53% UPFs / 47% REITs 10.03% 8.25% 1.22 1 
100% UPFs 7.56% 12.55% 0.60 5 
100% REITs 11.45% 15.82% 0.72 4 
 
Table 7.46 demonstrates the performance implications of exposing a global mixed-asset 
portfolio to a blended property component. For comparison purposes, mixed-asset portfolios 
with exposure in pure global UPFs and REITs are also included. The performance implications 
of allocating 10% of the portfolio to an unadjusted blended property component (Panel A) in a 
global mixed-asset framework are clear and significant. Amongst the mixed-asset portfolios 
with a blended property component, the portfolio exposed to a 50:50 blended property 
component gave the highest annual returns (5.46% p.a.), followed by the portfolio with 70:30 
(5.38% p.a.) and optimal-blend (5.32% p.a.) property components. All portfolios with blended 
property components outperformed the financial assets-only portfolio (4.92% p.a.), and most 
importantly, they were able to surpass the portfolio with pure UPF (5.22% p.a.) exposure. In 
so doing, they did not cause any excessive exposure to volatility, as there was only an average 
5% increase in the average portfolio risk level. 
389 
 
On a risk-adjusted basis, portfolios exposed to a blended property component gave comparable 
return-to-risk ratios as the portfolio with pure global UPF exposure. The more efficient 
correlation structure gained from the de-smoothing process allows the adjusted blended 
property components to contribute towards lower portfolio standard deviations within the 
mixed-asset framework (Panel B). While the return-to-risk ratio showed that the portfolio with 
pure UPF exposure had the upper hand on a risk-adjusted basis, the performance difference 
was not large enough to tip the scales in favour of the pure UPF approach. In fact, the mixed-
asset portfolio exposed to a blended property component will be able to significantly improve 
other vital portfolio investment attributes, namely liquidity and transparency. 
 
Table 7.46 Global UPF Blended Property Mixed-asset Portfolio Performance:  
Q2:2010-Q4:2015 
 
Average 
annual 
return 
Annual 
risk 
Return/risk 
ratio 
Rank 
Panel A: Smoothed UPF series    
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 5.38% 9.57% 0.5616 3 
10% 50:50 Blended Property 5.46% 9.85% 0.5549 4 
10% Optimally Blended Property 5.32% 9.42% 0.5649 2 
10% UPFs 5.22% 9.17% 0.5693 1 
10% REITs 5.63% 10.55% 0.5335 5 
60% Stocks / 40% Bonds 4.92% 10.07% 0.4883 6 
Panel B: De-smoothed UPF series    
55% Stocks / 35% Bonds / 
10% 70:30 Blended Property 5.41% 9.47% 0.5714 3 
10% 50:50 Blended Property 5.50% 9.65% 0.5698 4 
10% Optimally Blended Property 5.48% 9.59% 0.5719 2 
10% UPFs 5.24% 8.81% 0.5941 1 
10% REITs 5.63% 10.55% 0.5335 5 
60% Stocks / 40% Bonds 4.92% 10.07% 0.4883 6 
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7.4.2.4. Cointegration and Causality Analyses 
Whilst unit root pre-testing is not a precursor to employing the ARDL test for cointegration, 
the small number of observations and the limited time span of the data series warrant the 
precautionary use of a unit root test to ensure that none of the time series variables require an 
order higher than I(1) to obtain stationarity. Therefore, the global asset class time series was 
subjected to a unit root test via the ADF test, on level and first differences. The results in Table 
7.47 indicate that no unit root was present in all variables and, thus, all variables were integrated 
in the same order I(0) over the full sample period. It should be emphasised that since none of 
the variables are I(2) processes, the ARDL model is suitable and compatible. 
 
Table 7.47 ADF Unit Root Test for Global Asset Classes: Q1:2010-Q4:2015  
Variable Level First differences Order of 
integration t-statistic p-value t-statistic p-value 
UPFs -4.2765 0.0040 -4.7055 0.0018 I(0) 
Bonds -5.5119 0.0002 -5.5954 0.0003 I(0) 
Stocks -4.8426 0.0008 -6.4744 0.0000 I(0) 
REITs -3.9760 0.0070 -4.9882 0.0009 I(0) 
Note: H0 – non-stationary. 
 
Results of the ARDL bounds test with model [2,0,0,0] specification for global UPFs and global 
mainstream asset classes over Q2:2010-Q4:2015 are shown in Table 7.48. It is worth 
mentioning that a maximum four-period lag was set to fit the 24-sample quarterly data, with 
the optimum lag for each variable dynamically selected by minimising the AIC. The results do 
not indicate the existence of a stable cointegrating relationship between global UPFs and global 
asset classes over the full sample period, as the F-statistic value of 1.33 was not significant, 
even at the 10% confidence level. Based on these results, it can be concluded that there was no 
long-run cointegrating relationship between global UPFs and global mainstream asset classes. 
Diagnostic checks on the ARDL model did not indicate the presence of serial correlation or a 
non-normal distribution. Since no cointegrating relationship was present, the analysis did not 
proceed to estimate the long-run and short-run coefficients.  
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Table 7.48 Global UPF ARDL Cointegration Test: Q1:2010-Q4:2015  
Test 
statistic 
Value Model 
Significance 
level 
Bound critical values 
I(0) I(1) 
F-statistic 1.33 
ARDL 
[2,0,0,0] 
1% 3.42 4.84 
5% 2.45 3.63 
10% 2.01 3.10 
Serial correlation 0.9111 (0.4606)   
Normality 0.1279 (0.9381)   
Note: HR0R – no cointegrating relstionship. 
 
Results of the bivariate Granger causality test over Q2:2010-Q4:2015 (44T able 7.49) 44Tshow that 
the lagged total returns of global stocks, bonds and REITs could not explain the total returns 
of global UPFs. Similarly, when global UPFs were set as the explanatory variable, the results 
did not indicate any statistically significant causal path towards the three global mainstream 
asset classes. This indicates that the quarterly returns of global UPFs did not precede the 
quarterly returns of either global bonds, stocks or REITs, vice versa. In conclusion, the 
bivariate Granger causality analysis further affirms the distinctiveness of global UPFs as an 
asset class that can offer excellent diversification benefits in the context of global mixed-asset 
portfolios. 
 
Table 7.49 Global UPF Bivariate Granger Causality Test: Q1:2010-Q4:2015  
Direction of causality F-statistic p-value HR0 
UPFs 
→ 
Bonds 
4.9233 0.1775 Accept 
← 1.7679 0.6219 Accept 
UPFs 
→ 
Stocks 
2.8536 0.4148 Accept 
← 0.3398 0.9524 Accept 
UPFs 
→ 
REITs 
3.9997 0.2615 Accept 
← 0.2141 0.9753 Accept 
Note: HR0R – no causal relationship. 
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7.4.2.5. Summary of Findings 
The summarised results in Table 7.50 demonstrate the strong performance attributes of the 
global UPF market over Q2:2010-Q4:2015. As observed in Panel A, the risk-adjusted 
performance of global UPFs was consistently better than that of other global investment asset 
classes. From the correlation coefficient analysis (Panel B), UPFs (r = -0.39) were able to 
provide higher diversification benefits with stocks compared to REITs (r = 0.79) with stocks. 
The weak correlation coefficient of r = -0.32 suggests inter-property investment strategy 
between UPFs and REITs is practical. This strong diversification benefits translate into UPFs 
(average allocation = 25.5%) having higher average allocation in the optimal mixed-asset 
portfolio compared to bonds (13.1%) and stocks (2.4%), with higher allocation into UPFs 
recorded in portfolios located in the lower-half of the risk-return band (Panel C). The blended 
property portfolio analysis (Panel D) shows investors could not only obtain higher absolute 
return performance compared to investing solely in UPFs, but also lower overall investment 
risk. Consequently, irrespective of the blending structure, the hybrid property portfolio could 
deliver superior risk-adjusted performance. Lastly, UPFs excellent diversification benefits are 
observed in the cointegration and Granger causality tests, in which both tests indicated no long- 
and short-term linkages (Panel E). Overall, the results highlight the strong performance and 
added-value benefits available for investors investing in property via UPFs as part of their 
significant global investment strategy. 
   
393 
 
Table 7.50 Summary of Findings: Global UPF  
Panel A: Return, risk and risk-adjusted return performance 
 Asset Return Risk Risk-adjusted return 
UPFs versus 
Bonds ✓ ✕ ✓ 
Stocks ✓ ✓ ✓ 
REITs ✕ ✓ ✕ 
Panel B: Diversification benefits 
 UPFs-Stocks REIT-Stocks UPFs-REITs 
r = -0.39 0.79 -0.32 
Panel C: Asset allocation  
 UPFs Bonds Stocks REITs 
Average allocation 25.5% 13.1% 2.4% 59.1% 
Panel D: Blended property portfolio performance versus pure UPFs portfolio 
Structure Return Risk Risk-adjusted return 
Fixed-blend 50:50 ✓ ✓ ✓ 
Fixed-blend 70:30 ✓ ✓ ✓ 
Optimal blend ✓ ✓ ✓ 
Panel E: Long- and short- run relationships between UPFs and bonds, stocks and REITs
Relationship  Bonds Stocks REITs 
Cointegration  ✕ ✕ ✕ 
Granger-causing ✕ ✕ ✕ 
Granger-caused by ✕ ✕ ✕ 
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7.5. SUMMARY OF FINDINGS  
This chapter focused on examining the performance and role of UPFs in both regional and 
global mixed-asset portfolios over 2010-2015. For the regional framework, there were two 
levels of assessment; firstly, UPFs were assessed in a cross-jurisdictional inter-UPF and multi-
medium property investment strategy within the Asia-Pacific and European regions. Secondly, 
aggregate regional UPFs were compared with regional asset classes and their role was assessed 
in a regional mixed-asset investment strategy. Similar to that of the regional framework, the 
analysis of UPFs in the global framework involved the creation of cross-continental inter-UPF 
and multi-medium property portfolios. This was followed by aggregate global UPFs being 
benchmarked against global asset classes, and their role in a global mixed-asset portfolio being 
assessed. For both regional and global UPFs, their long- and short-term linkages with 
mainstream asset classes were investigated. The following section presents a brief review of 
the findings. 
 
7.5.1. Risk-Adjusted Performance and Diversification Benefits 
The performance of the aggregate UPFs at regional and global levels is summarised in Table 
7.51. In the Asia-Pacific region, the UPF market outperformed the equivalent regional REIT 
and stock markets on a risk-adjusted basis, although outperformance against REITs was 
observed only in the analysis based on the smoothed Asia-Pacific UPF data series. Greater risk-
adjusted performance was obtained when UPF markets in Australia and Japan were excluded 
from the index’s construction. This saw the Asia-Pacific ex. Australia, and Asia-Pacific ex. 
Australia and Japan, UPF markets outperforming both the regional REIT and stock markets, 
even after the de-smoothing filter was applied. This also saw both of these Asia-Pacific regional 
UPF sub-indices delivering higher risk-adjusted performance compared to regional bonds. 
 
Similarly, when the performance of European UPFs was measured at the aggregate level, UPFs 
outperformed all regional asset classes, even after valuation-smoothing bias was removed. 
Interestingly, the exclusion of the UK-UPF market almost halved annual return performance, 
although the risk level decreased significantly as well, resulting in a lower risk level than with 
the regional bond market (based on smoothed data). At the aggregate global level, UPFs 
compared favourably against other global mainstream asset classes, only bested by the global 
REIT market (based on de-smoothed data). 
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The inter-asset correlation coefficients of UPFs in regional and global contexts are presented 
in Table 7.52. Regional UPF markets in the Asia-Pacific and Europe delivered enhanced 
benefits of diversification with equivalent regional asset classes over the study period. In a two-
asset portfolio with stocks, Asia-Pacific and European UPF markets were less correlated with 
their respective regional stock markets, but the same could not be said about the regional REIT 
and stock markets. In addition, an inter-property investment portfolio was also seen to be viable 
by obtaining exposure in regional UPFs and REITs, given their loose linear relationship. These 
strong diversification benefits were also evident at the aggregate global level, with UPFs being 
an effective portfolio component for diversification with global REITs and stocks. Most 
importantly, this excellent portfolio diversification trait persisted even after the de-smoothing 
procedure was carried out. 
  
Table 7.51 UPF Performance Summary: Regional and Global 
Did UPFs provide better performance compared to regional and global asset classes? 
 Asset Return Risk 
Risk-adjusted 
return 
Asia-Pacific  1 ✓ ✕ ✕ 
2 ✓ ✓ ✓ 
3 ✕ ✓ ✓* 
Ex. Australia 1 ✓ ✕ ✓* 
2 ✓ ✓ ✓ 
3 ✕ ✓ ✓ 
Ex. Australia 
and Japan 
1 ✓ ✕ ✓* 
2 ✓ ✓ ✓ 
3 ✕ ✓ ✓ 
Europe 1 ✓ ✕ ✓ 
2 ✕ ✓ ✓ 
3 ✕ ✓ ✓ 
Ex. UK 1 ✓ ✓* ✓ 
 2 ✕ ✓ ✓ 
 3 ✕ ✓ ✓ 
Ex. UK and 
Germany 
1 ✓ ✓* ✓ 
2 ✕ ✓ ✓ 
3 ✕ ✓ ✓ 
Global 1 ✓ ✕ ✓ 
 2 ✓ ✓ ✓ 
 3 ✕ ✓ ✓* 
Note: 1 = Bonds, 2 = Stocks, 3 = REITs. * = smoothed only. 
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Table 7.52 UPF Correlation Coefficient Summary: Regional and Global 
 
UPFs-Stocks REITs-Stocks UPFs-REITs 
 
Asia-Pacific -0.60 0.78 -0.58 
Ex. Australia -0.14 0.72 -0.14 
Ex. Australia and Japan -0.15 0.86 -0.14 
Europe 0.08 0.80 0.30 
Ex. UK -0.21 0.81 0.11 
Ex. UK and Germany -0.07 0.82 0.09 
Global -0.39 0.79 -0.32 
 
7.5.2. Role of UPFs in Mixed-asset Investment Portfolios 
Strong risk-adjusted performance, together with an efficient correlation structure with other 
asset classes, suggest that UPFs can be a significant contributor to regional and global mixed-
asset investment portfolios (Table 7.53). In the Asia-Pacific region, the mean-variance analysis 
suggested that one-third of portfolios should be allocated to UPFs. Interestingly, UPFs were 
seen to have a more significant role when the Australian UPF market was excluded from the 
index (the average allocation increased from 31.3% to 40.9%), with a smaller increase evident 
when Japanese UPFs were excluded (from 40.9% to 41.2%).  
 
Similarly, UPFs were prominently featured in European regional mixed-asset investment 
portfolios, with an average allocation of 42%. However, when the two largest UPF markets in 
Europe were excluded from the index, a decrease of 8.5% (from 42.0% to 34.5%) was evident. 
This suggests that the decrease in total UPF returns reduced UPFs’ role in the mixed-asset 
portfolio. Meanwhile, in the aggregate global mixed-asset framework, UPFs continued to be 
heavily weighted in portfolios (close to 26% average allocation), which may be attractive to 
investors with conservative to intermediate risk-return requirements.  
 
The increased risk level evident using de-smoothed data reduced the allocations of UPFs at 
both regional and global levels. An average decrease of 10% was evident across these two 
frontiers, with some of the lost allocations made up by bonds. Overall, the asset allocation 
analysis for UPFs in regional and global mixed-asset portfolios indicated that, while the 
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equivalent REIT market was as a better substitute for the stock market, UPFs were more 
strongly favoured than bonds. 
 
Table 7.53 UPF Asset Allocation Summary: Regional and Global 
Panel A: Smoothed UPF series 
Market UPFs Bonds Stocks REITs 
Asia-Pacific 31.3% 11.2% 1.2% 56.3% 
Ex. Australia 40.9% 4.7% 0.2% 54.2% 
Ex. Australia and Japan 41.2% 6.1% 0.0% 52.7% 
Europe 42.0% 6.0% 0.3% 51.6% 
Ex. UK 38.9% 3.1% 20.0% 38.0% 
Ex. UK and Germany 34.5% 3.1% 44.9% 17.5% 
Global 35.9% 4.6% 0.7% 58.9% 
Panel B: De-smoothed UPF series 
Market UPFs Bonds Stocks REITs 
Asia-Pacific 19.2% 16.6% 2.1% 62.1% 
Ex. Australia 32.0% 12.7% 0.9% 54.4% 
Ex. Australia and Japan 31.0% 15.5% 0.2% 53.3% 
Europe 33.3% 17.6% 0.4% 48.7% 
Ex. UK 35.9% 5.0% 21.1% 38.0% 
Ex. UK and Germany 32.2% 4.7% 45.1% 18.0% 
Global 25.5% 13.1% 2.4% 59.1% 
 
7.5.3. Blended Property Portfolio Optimisation 
The results summarised in Table 7.54 show that a hybrid property investment structure allows 
investors to optimise their property portfolios for either total return performance, or trade-
ability and transparency. A generally positive performance enhancement was evident at the 
regional level in the Asia-Pacific and European regions, as well as at the global level. The 
increased exposure in listed property did not result in higher risk in the Asia-Pacific and global 
(with de-smoothed data) investment contexts, but it did within the European regional UPF 
market. Nonetheless, irrespective of whether investors choose a fixed-blend or optimal-blend 
portfolio structure, they are still able to obtain higher risk-adjusted performance than by 
investing purely in UPFs. By optimally blending regional UPFs and REITs, investors can 
achieve risk-adjusted performance ummatched by investment in other asset classes. On the 
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other hand, by using a fixed-blend hybrid property investment approach, investors can 
rebalance their property portfolio to match their liquidity and transparency mandates.  
 
Table 7.54 Blended Property Portfolio Performance Summary: Regional and Global 
Did blended property portfolio perform better compared to a pure UPFs portfolio? 
 Structure Return Risk 
Risk-adjusted 
return 
Asia-Pacific 1 ✓ ✓ ✓ 
2 ✓ ✓ ✓ 
3 ✓ ✓ ✓ 
Europe 1 ✓ ✕ ✓** 
2 ✓ ✕ ✓** 
3 ✓ ✕ ✓ 
Global 1 ✓ ✓** ✓** 
2 ✓ ✓** ✓ 
3 ✓ ✓ ✓ 
Note: 1 = fixed-blend 50:50, 2 = fixed-blend 70:30, 3 = optimal blend  
 * = smoothed only, ** = de-smoothed only 
 
7.5.4. Long- and Short-term Linkages 
Results of the cointegration (Table 7.55) and causality (Table 7.56) tests between UPFs and 
their asset-class peers in Asia-Pacific, European and global contexts support the distinctiveness 
of UPFs in the context of regional and global mixed-asset portfolio strategies. The results 
indicate no stable long-run cointegrating relationship between UPFs and major asset classes, 
at both the regional and global levels. This signifies that investors could achieve enhanced 
long-term diversification benefits by obtaining property exposure in diversified regional and 
global UPF markets. Furthermore, being an inefficient investment asset means that regional 
and global UPFs were not influenced by broad investment trends; the movement of regional 
and global investment markets did not seem to affect the performance of UPFs. This was 
evident in the lack of causal integration between Asia-Pacific, European and global UPFs and 
their asset class peers. Overall, the limited association between UPFs and regional investment 
markets suggests that UPFs are good portfolio diversifers. Investors would benefit greatly by 
using regional UPFs to obtain property exposure in their mixed-asset investment portfolios. 
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Table 7.55 UPF Cointegration Test Summary: Regional and Global 
Were there long-run relationships between UPFs and bonds, stocks and REITs? 
  Bonds Stocks REITs 
Asia-Pacific  ✕ ✕ ✕ 
Europe  ✕ ✕ ✕ 
Global  ✕ ✕ ✕ 
 
Table 7.56 UPF Granger Causality Test Summary: Regional and Global 
Were there causal relationships between UPFs and bonds, stocks and REITs? 
 Asset Granger-causing: Granger-caused by: 
Asia-Pacific 1 ✕ ✕ 
2 ✕ ✕ 
3 ✕ ✕ 
Europe 1 ✕ ✕ 
2 ✕ ✕ 
3 ✕ ✕ 
Global 1 ✕ ✕ 
 2 ✕ ✕ 
 3 ✕ ✕ 
Note: 1 = Bonds, 2 = Stocks, 3 = REIT 
 
The following chapter will highlight the potential investment implication of this domestic, 
regional and global UPF analyses, as well as drawing together the fuller practical investment 
implications from Chapter 5 – 7. 
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CHAPTER 8  
CONCLUSION  
 
In this chapter, the conclusions and property investment implications are presented. Also, this 
chapter explains the overall contribution of this research, highlights its limitations, and 
explores potential future research directions. 
 
8.1. INTRODUCTION 
Property in its different formats is seen as a key investment for institutional investors. This is 
at a local, regional and global level. This includes direct property, UPFs and REITs. Improving 
investment portfolio performance has always been the key objective for institutional investors. 
The challenging investment environment of the post-GFC period (e.g. geopolitical 
uncertainties, systematic declines in commodity prices, European sovereign debt crisis, Brexit) 
means this will be a continuing quest. A rudimentary portfolio mix of bonds and stocks is no 
longer seen as an attractive route to better investment returns, given the near-zero yield of 
fixed-income instruments and the significant volatility of the stock market in recent years. This 
has opened the door to alternative investment offerings such as property, infrastructure and 
hedge funds, amongst others. While the property asset class is considered to be one of the best 
candidates for filling gaps in institutional investor portfolios, indirect property investment 
vehicles, such as REITs, are considered similar to investment in the stock market, which does 
not reflect the underlying performance of core property assets. This has concerned institutional 
investors looking for property exposure via an indirect route. This is where UPFs have 
considerable upside; they offer unique investment attributes not seen in other asset classes, as 
was highlighted in this research. The aim of this thesis was to examine the significance, 
performance and role of UPFs in mixed-asset portfolios at domestic, regional and global levels. 
Accordingly, seven general research questions were defined in this study: 
 
RQ 1.  What are the return and risk properties of UPFs? 
RQ 2. How do UPFs compare to mainstream asset classes on a risk-adjusted basis? 
RQ 3. Do UPFs provide added-value and diversification benefits in a mixed-asset portfolio 
framework? 
RQ 4. What is the optimum allocation for UPFs in a mixed-asset portfolio framework? 
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RQ 5. What are the return, risk and risk-adjusted return implications of blending listed 
property elements with an unlisted property portfolio?  
RQ 6. What are the return and risk implications of exposing a mixed-asset investment 
framework to a blended property portfolio? 
RQ 7. Are there long- and short-term linkages between UPFs and major asset classes? 
 
This chapter gives a brief overview of the key findings of the previous chapters and 
consolidates these outcomes with property investment implications. Furthermore, theoretical 
and practical contributions, limitations and potential future research areas are also presented. 
Whilst past performance is no guarantee of future performance, the thesis results have provided 
significant investment insights for institutional investors in shaping their property exposure; 
particularly concerning the use of UPFs. 
 
8.2. SUMMARY OF FINDINGS 
Three chapters of this thesis were dedicated to addressing the above-mentioned research 
questions (Chapters 5, 6 and 7). Chapters 5 and 6 investigated UPF investments in the domestic 
context, while Chapter 7 extended this investigation to the regional and global contexts. 
Rigorous analyses were performed on actual market data obtained from the 2010-2015 period, 
involving nine domestic markets, two regional markets (with an additional four regional sub-
markets), and lastly, at the aggregate, global level. Overall, UPFs were seen to have an 
important role. 
 
8.2.1. Risk-adjusted Performance and Diversification Benefits 
8.2.1.1. Domestic Investment Context 
The results of Chapters 5 and 6 highlighted the competitive risk-adjusted performance offered 
by UPFs in their respective domestic investment markets. Specifically, Au-UPFs and US-UPFs 
outperformed other domestic asset classes on a risk-adjusted basis, while Cn-UPFs kept pace 
with the overall performance of other domestic asset classes. In all five European markets, the 
risk-adjusted performance of UPFs was unrivalled by other domestic mainstream asset classes, 
and UPFs were consistently ranked first in risk-adjusted performance rankings. Most 
importantly, UPFs in Australia, the US and all five European jurisdictions outperformed their 
respective domestic REITs and listed property companies on a risk-adjusted basis. The UPF 
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market in China delivered higher risk-adjusted performance compared to domestic listed 
property companies, but underperformed the REIT market. The only exception was Japan, 
where mediocre annual return performance resulted in UPFs being barely competitive in the 
Japanese domestic investment market. Overall, these risk-adjusted performance analyses 
demonstrate a clear distinction between the performance of UPFs and their listed property 
counterparts. While the annual return performance of UPFs was typically half that of REITs or 
listed property companies in these jurisdictions, UPFs were less volatile, recording, on average, 
only one-sixth of the risk seen in domestic listed property investment vehicles. This highlights 
the unique performance attributes of UPFs in the various domestic jurisdictions, which 
delivered risk-return profiles unlike those of existing domestic asset classes. Most importantly, 
this superior risk-adjusted performance was present, even in analyses based on de-smoothed 
data. 
 
In terms of diversification potential, the performance of all domestic UPF markets assessed in 
Chapters 5 and 6 suggests they can play an effective role in domestic multi-asset investment 
frameworks, due to their weak correlation patterns with other domestic mainstream assets. 
UPFs were observed to potentially provide better diversification benefits with domestic stock 
markets than either domestic REITs or listed property companies. In addition, UPFs from all 
markets exhibited strong benefits of diversification with both REITs and listed property 
companies in domestic inter-property investment strategies; something not achievable only 
with domestic REITs and listed property companies. Most importantly, the strong 
diversification benefits of UPFs in these domestic markets remained evident in analyses based 
on de-smoothed data, in which valuation-smoothing bias was removed from each domestic 
UPF return series.  
 
8.2.1.2. Regional Investment Context 
In terms of Asia-Pacific regional investment, the Chinese UPF market stands out as having 
better annual returns and annual risk levels than UPFs in developed markets such as those of 
Australia and Japan. Japan had the worst-performing Asia-Pacific single-country UPF market 
on a risk-adjusted basis. When the statistical de-smoothing filter was applied to its smoothed 
UPF series, Chinese UPFs maintained their superior performance, while Japanese UPFs gave 
negative returns. At the aggregate regional level, the Asia-Pacific UPF market outperformed 
both the equivalent regional REIT and stock markets on a risk-adjusted basis. Even greater 
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risk-adjusted performance was obtained when Australian and Japanese UPFs were excluded 
from the construction of the APexAu&Jp index. As for cross-country diversification potential, 
regional investors could gain more diversification benefits by investing in an Asia-Pacific 
cross-jurisdictional inter-UPF strategy than a cross-jurisdictional inter-REIT or inter-stock 
framework. Ultimately, while UPFs perform well against other Asia-Pacific regional asset 
classes, regional investors could obtain higher risk-adjusted returns if they are willing to 
allocate more capital to smaller UPF markets, as opposed to investing solely in developed 
markets within the Asia-Pacific region. Regardless of whether they are included in a single-
country or aggregate format, Asia-Pacific UPFs can act as strong portfolio diversifiers within 
a regional multi-asset framework. 
 
In Europe, the UPF markets of Finland and the Netherlands were the best-performing single-
country UPF markets in analyses based on smoothed and de-smoothed data series, respectively. 
In contrast, French UPFs had the worst risk-adjusted performance, based on both smoothed 
and de-smoothed data analyses. When the performance of European UPFs was estimated at the 
aggregate level, UPFs outperformed all other regional asset classes, even after valuation-
smoothing bias was removed. Interestingly, exclusion of the UK UPF market almost halved 
the annual return performance of European UPFs; however, their risk level decreased greatly 
as well, resulting in improved risk-adjusted performance overall. A cross-jurisdictional inter-
UPF diversification strategy was found to be the best solution for obtaining diversification 
benefits for regional investors seeking to invest in a single asset class and leveraging an 
effective geographic diversification strategy. A geographic diversification strategy within the 
European single-country UPF markets consistently provided lower correlation coefficients 
compared to European inter-REIT and inter-stock frameworks. The aggregate European UPF 
market continued to deliver enhanced diversification benefits with equivalent regional asset 
classes over the study period. While regional investors seeking European property exposure 
through UPFs will benefit greatly from the superior risk-adjusted performance of UPFs, total 
return-conscious investors could achieve their objectives more optimally through higher 
allocations in UPFs from a market providing greater risk-return trade-offs, such as that of the 
UK.  
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8.2.1.3. Global Investment Context 
In a cross-continental investment context, UPF markets in the US excelled in both annual return 
and risk assessments, thus delivering the highest risk-adjusted performance amongst the 
continental UPF markets. At the aggregate global level, UPFs compared favourably against 
other global mainstream asset classes, only exceeded by the global REIT market (based on de-
smoothed data). As for diversification benefits, a cross-continental inter-UPF strategy gives 
mixed results. A geographical diversification strategy using UPFs could be optimally achieved 
by investors through a US-Asia-Pacific or US-Europe diversification approach, with fewer 
diversification benefits attainable via an Asia-Pacific-Europe route. Regardless, investors are 
better off with any of the inter-UPF diversification approaches, as they provide more efficient 
diversification frameworks compared to a cross-continental inter-REIT or inter-stock solution. 
These strong diversification benefits were also evident at the aggregate global level, with UPFs 
being an effective diversifier for portfolios containing global REITs, stocks and, to a lesser 
extent, global fixed-income instruments. 
 
8.2.2. Role in Mixed-asset Investment Portfolios 
8.2.2.1. Domestic Investment Context 
Analyses of the 2010-2015 data indicated that UPFs have a significant role in domestic mixed-
asset portfolios across the nine domestic markets studied in the US, Asia-Pacific and European 
regions. In a three-asset portfolio with domestic financial assets, the inclusion of UPFs 
provided a performance boost in the lower range of portfolio efficient frontiers, indicating that 
UPFs are most efficient in mixed-asset portfolios targeting conservative to moderate risk-return 
strategies. This was also observed when mixed-asset portfolios were enlarged to include the 
UPFs, REITs and listed property companies of each domestic market. Significant allocations 
to UPFs were evident in the lower half of the portfolio risk-return spectrum. On the other hand, 
US-UPFs were highly allocated throughout the risk-return spectrum. Analysis of data subject 
to a de-smoothing filter (to remove valuation-smoothing bias) indicated there should be lower 
UPF allocations in all domestic investment portfolios. This was more pronounced for France, 
due to their significantly higher risk levels.  
 
These results have two investment implications for domestic investors. Firstly, it indicates that 
the accessibility of UPFs to investors could alter the nature of property allocations in domestic 
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investment portfolios. Generally, the results indicated that UPFs are a good candidate for 
playing a complementary role to existing domestic listed property investment vehicles in these 
markets, especially when the latter were seen to be a good substitute for stocks over the study 
period. In some European domestic markets such as Finland and the Netherlands, listed 
property vehicles are not considered good substitutes for the domestic stock market, thus the 
best way for investors to create a fully-diversified investment portfolio with domestic property 
assets is through UPFs. Secondly, investors’ risk preferences are crucial in determining the 
optimal allocations of UPFs. This applied to most of the domestic UPF markets assessed. As 
UPFs assumed a significant role in domestic mixed-asset portfolios within the lower half of the 
risk-return spectrum in these three markets, UPFs would, therefore, be the most suitable form 
of property investment for investors with conservative to moderate risk-return requirements. In 
contrast, UPFs in the US were a better substitute for listed property in mixed-asset portfolios 
and could easily provide stronger performance, irrespective of investors’ risk preferences.  
 
8.2.2.2. Regional Investment Context 
In the Asia-Pacific region, the strong risk-adjusted performance of Chinese UPFs resulted in 
them dominating most inter-UPF portfolio compositions. Contrasting results were evident for 
developed UPF markets in Japan and Australia, with the Japanese UPF market failing to be 
allocated to the simulated Asia-Pacific inter-UPF portfolio based on de-smoothed data. 
Nonetheless, the diversification potential of UPFs saw them included in Asia-Pacific multi-
medium property portfolios with low-to-intermediate risk levels, with Chinese UPFs 
comprising much of the allocations of single-country UPFs from the Asia-Pacific. In an 
aggregate regional multi-asset investment context, Asia-Pacific UPFs had a more significant 
role when the UPF markets of Japan and Australia were excluded from the analysis. While the 
equivalent REIT markets were better substitutes for the regional stock market, UPFs were more 
strongly favoured than regional bonds. The implication for investors is that, if they are willing 
to embrace smaller Asia-Pacific UPF markets, they will gain a clear advantage in portfolio 
performance.  
 
Examining the roles of five European UPF markets in both inter-UPF and multi-medium 
property frameworks revealed a number of interesting results. The mean-variance optimisation 
technique showed that high allocation in UK and Finnish UPFs was necessary to obtain the 
optimum inter-UPF portfolio performance. This, however, changed when the role of UPFs was 
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assessed in a regional multi-medium property investment context. In analyses based on data 
subjected to the de-smoothing procedure, UK UPFs were less desirable than listed property 
assets. Significant UPF allocation was only given to Finnish UPFs, with most of the other 
single-country European UPFs only present at the lower end of the portfolio risk-return band. 
In a broad European investment context, aggregate European UPFs were prominently featured 
in the lower half of the portfolio risk-return spectrum. As a result, UPFs were a stronger 
candidate than bonds for investors with conservative risk-return objectives. Based on these 
results, although theoretical UPF allocations between 30% (at the lower end of the risk-return 
spectrum) and 20% (at the upper end) are desirable, the more practical 10% allocation in UPFs 
still resulted in improved portfolio risk-return attributes. 
 
8.2.2.3. Global Investment Context 
The UPF market in the US dominated both the continental inter-UPF and multi-medium 
property portfolios. This was attributable to the strong risk-adjusted performance of US-UPFs 
over the study period. Nonetheless, global investors could still achieve greater property 
portfolio performance with small allocations in Asia-Pacific UPFs (at the low end of the 
portfolio risk-return scale), while a small allocation in continental REITs could be used to 
improve property portfolio performance at the higher end of the risk-return spectrum. Within 
an aggregate global multi-asset framework, UPFs continued to be heavily weighted in 
portfolios with conservative to moderate risk-return levels. Using the more practical approach 
of constraining total property allocations to 10% still resulted in UPFs dominating the majority 
of these allocations.  
 
8.2.3. Blended Property Portfolio Optimisation 
8.2.3.1. Domestic Investment Context 
While the asset allocation analysis highlighted the significant role of domestic UPFs and listed 
property investment vehicles, the blended property portfolio optimisation process specifically 
attempted to create a structure that can commodify the distinct investment attributes of UPFs 
and REITs, and combined them as a unified architecture representing a domestic property asset 
class. The performance implications for a blended property portfolio are positive, especially 
for UPFs with lower risk-adjusted performance than their domestic REIT counterparts. This 
was observed in Japan and China, where the integration of UPFs with domestic REITs resulted 
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in a remarkably enhanced performance envelope, notwithstanding the structure of the blended 
property portfolio utilised. By optimally tuning the already strong performance of UPFs in 
Australia, the US, the UK, Germany, France and the Netherlands, a blended property portfolio 
can provide performance unequalled by any domestic mainstream asset class.  
 
The investment implications of this analysis are considerable. While REITs have existed for 
many years in various jurisdictions in the Asia-Pacific and US, their penetration into 
institutional investment portfolios remains limited. This is mainly because most institutional 
investors do not classify REITs as a property investment, due to their close resemblance to 
common stocks than the performance of their property assets. However, obtaining property 
exposure through a blended property structure is the best workaround for this limitation. At the 
same time, it reduces the volatility inherent in equity-wrapped property investment vehicles. 
REIT markets in Europe are still considered to be in their infancy (with an insignificant REIT 
market in Finland) and lack the necessary scale to accommodate the portfolio requirements of 
institutional investors. Thus, UPFs are a more attractive vehicle for obtaining exposure in 
quality property assets in various European jurisdictions. Investors could add a small listed 
property component to diversify and improve the overall performance of their portfolios.  
 
On the other hand, for investors with a high concentration of private property in their property 
portfolios, a blended property configuration could be used to enhance portfolio liquidity and 
transparency. Regardless, the blended property portfolio optimisation process applied to nine 
domestic markets in the previous chapter proved to be able to cater for different objectives. A 
higher performance envelope is obtainable through an optimally-blended property portfolio, 
while higher investment liquidity and transparency is obtainable via a fixed-blend property 
portfolio. 
 
8.2.3.2. Regional Investment Context 
The results have shown that a hybrid property investment structure allows investors to optimise 
their property portfolios for risk-adjusted return performance or portfolio trade-ability and 
transparency. This was demonstrated at the regional level in both the Asia-Pacific and Europe. 
By optimally blending regional UPFs and REITs, investors can achieve high risk-adjusted 
performance that is unmatched by other regional asset classes. On the other hand, using a fixed-
blend hybrid property investment approach, investors can rebalance their property portfolio to 
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match their liquidity and transparency mandates. For blended property portfolios assessed as 
part of regional multi-asset frameworks, the analysis quantified a small performance loss due 
to increased exposure to regional listed property. For most investors, the liquidity and 
transparency improvements that a hybrid property investment structure can bring to their 
property portfolios should outweigh any minor performance losses. 
 
8.2.3.3. Global Investment Context 
Similar to what was seen in the regional investment context, a hybrid property portfolio 
composed of an optimal mixture of global UPFs and REITs delivered better risk-adjusted 
performance compared to investing solely in UPFs or REITs. The increased exposure to global 
listed property, however, results in an increased in total returns correlation with mainstream 
global assets. The effect was evident when a hybrid property structure was analysed in a global 
mixed-asset investment framework. It provided lower risk-adjusted returns compared to a 
multi-asset portfolio with pure global UPF exposure. It is noteworthy that investors would 
receive other benefits not quantified in the analysis, such as enhanced portfolio trade-ability 
and transparency. 
 
8.2.4. Long- and Short-Term Linkages  
8.2.4.1. Domestic Investment Context 
The analysis of the long-term association between the returns of UPFs and mainstream assets 
in domestic jurisdictions revealed mixed results in terms of cointegration relationships. UPF 
markets do not move in unison with domestic investment assets in Australia, Japan, the UK, 
Finland, France and the Netherlands. This indicates that domestic investors can obtain long-
term diversification benefits by investing in UPFs in each of these countries. In contrast, 
statistically significant but limited cointegration relationships with certain domestic asset 
classes were observed in China and Germany. Specifically, Cn-UPFs are found to be 
cointegrated with Chinese government bonds, while Ge-UPFs were found to be substitutable 
with German REITs in the long term. Nevertheless, the superior risk-adjusted performance of 
UPFs in Germany makes them a more attractive choice for investors than German REITs. US 
UPFs cointegrated with all US domestic mainstream asset classes, indicating that US-UPFs do 
not complement domestic mainstream assets for investors with long-term investment horizons.  
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In terms of short-term associations in the Asia-Pacific region, the causality tests did not 
demonstrate causal linkages between UPFs and various classes of domestic mainstream assets 
in Australia, while both Jp-UPFs and Cn-UPFs exhibited causal transmissions from their 
respective domestic bond markets. Uni-directional causality was detected from REITs to Jp-
UPFs, with a similar uni-directional causality from stocks to Cn-UPFs also observed. In the 
US, the UPF market was more influenced by the lagged movement of REITs, stocks and bonds, 
as the one-way causality effects were strong and statistically significant. In Europe, uni-
directional causality was detected from bonds to UPFs in the UK and France, with a similar 
uni-directional causality from stocks to UPFs recorded in the Netherlands. Due to their long-
term association with the domestic REIT market, Ge-UPFs appeared to be Granger-caused by 
the domestic REIT market.  
 
Overall, with the exception of the US, the lack of a long-term association between UPFs and 
overall domestic investment markets means that investors would benefit from diversification 
by having UPFs in their multi-asset investment frameworks. Meanwhile, investors looking for 
short- to medium-term property exposure through UPFs could achieve better diversification 
benefits by carefully managing their exposure in certain domestic assets. 
 
8.2.4.2. Regional Investment Context 
Results of the cointegration analysis between the Asia-Pacific and European UPF markets and 
their regional peers further corroborated the diversification benefits of UPFs in the context of 
a regional mixed-asset portfolio strategy. The results show that, in the long run, UPF markets 
in the Asia-Pacific and Europe do not move in tandem with regional bond, stock and REIT 
markets. This indicates that investors could achieve enhanced long-term diversification 
benefits by obtaining property exposure in diversified regional UPF markets in both the Asia-
Pacific and Europe. Regional UPF markets are also a distinctive asset class in short- and 
medium-term portfolios, as the movements of regional investment markets do not affect the 
performance of UPFs. This was supported by the lack of causal integration of Asia-Pacific and 
European UPFs with other regional asset classes. Overall, the limited association between 
UPFs and regional investment markets reinforces the portfolio diversification trait of UPFs. 
Investors could benefit greatly by obtaining property exposure to regional UPFs as part of their 
significant multi-asset investment portfolios. 
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8.2.4.3. Global Investment Context 
At the global level, UPFs were distinct from other global asset classes over the study period. 
Being an unlisted structure with a property assets-backed format effectively insulated UPFs 
from global investment market trends. Cointegration and causality tests affirmed the portfolio 
diversification role of UPFs at the global investment frontier. With most investment offerings 
now moving in the same general direction, institutional investors looking to enhance their 
investment portfolios could tap into UPFs as a way to enhance risk and return. 
 
8.3. PRACTICAL INVESTOR IMPLICATIONS OF RESEARCH 
 
The results of this research highlight the performance and effectiveness of UPFs and their key 
role in the property investment landscape at local, regional and global investment context. It is 
hoped that this research will be able to assist institutional investors, in particular those with 
significant property exposure such as pension funds, sovereign wealth funds and insurance 
companies, to make well-informed strategic property investment decisions regarding the key 
role of UPFs in their portfolios. In addition, this research is beneficial for property fund 
managers, in that they have independent empirical evidence to support future local, regional 
and global capital flows to UPFs and promote the effectiveness of a UPF investment strategy.  
 
Also, many of the larger property fund managers now see UPFs as a key element in their global 
property strategy. Whilst the property fund management sector is increasingly dynamic and 
competitive, the same holds true for the global property investment environment. This is in the 
context of structuring the property exposure effectively for institutional investors, seeing UPFs 
competing with direct property (e.g.: separate account and club deals) as effective real estate 
investment vehicles; particularly for the larger and more experienced pension funds, sovereign 
wealth funds and insurance companies, as they seek greater alignment of interest and control 
in their global real estate investment strategies. This research is crucial for a fuller 
understanding of the investment attributes of UPFs and presents a strong case for the relevance 
for UPFs as a global property investment opportunity. 
 
Another obvious broad direct consequence of this research is the highlight on the global 
significance of the unlisted property investment sector, and the increased opportunities at many 
levels going forward. This includes further development of unlisted property investment 
411 
 
products, increased opportunities for skilled property professionals and further development of 
UPF markets, especially in emerging property markets in Asia-Pacific and Sub-Sahara Africa. 
More importantly, this research presents the strong initiatives by the unlisted property 
investment industry, through professional organisations such as ANREV, INREV and 
NCREIF, in promoting the transparency, accuracy and accessibility of information in the 
unlisted property investment sector. Further initiatives should be concentrated to increase the 
level of market information, corporate governance and added-value property services; these 
initiatives are important for UPFs to achieve their full potential and play a more significant role 
for UPFs going forward at local, regional and global levels as a vehicle for institutional 
investors to effectively access global property exposure. 
 
8.4. SUMMARY OF RESEARCH CONTRIBUTIONS 
 
In the property research realm, much attention has been focused on the various behavioural and 
investment aspects of direct and listed property investment vehicles (REITs, listed property 
companies); however, there is a paucity of coverage of unlisted vehicles. This research focused 
on UPFs as a property investment conduit, a branch of private equity-based indirect property 
investment that has, up to now, not been thoroughly researched. In doing so, this study 
enhances the understanding of the roles of UPFs from multi-dimensional investment 
perspectives, be they purely domestic, regional or global. Given the less transparent nature of 
UPFs, the primary contribution of this research is to improve the understanding of this 
significant property investment opportunity.  
 
The first contribution of this research is that it expands upon the existing body of knowledge 
by equipping researchers and practitioners with a comprehensive overview of, and insights 
into, the attributes of UPFs as a significant alternative property investment vehicle. Return, 
risk, risk-adjusted performance and diversification benefits are some of the important criteria 
used by investors and fund managers as part of their investment decision-making processes.  
 
Secondly, this research pioneered the empirical investigation of UPFs in various markets which 
have not been previously explored in the literature, such as those of Japan, China, France, 
Finland and the Netherlands. This included empirical analysis of UPFs as an asset class at both 
the aggregate regional and global levels. Comparative performance analysis with major asset 
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classes in domestic, regional and global contexts benchmarked UPFs against these assets, and 
the distinct investment attributes of UPFs were highlighted. 
 
Thirdly, this research contributes towards a fuller understanding of the role of the property 
asset class in mixed-asset investment portfolios in domestic, regional and global contexts. In 
so doing, the contribution of UPFs to mixed-asset investment frameworks was empirically 
justified through the construction of simulated efficient portfolios and optimal asset allocation 
strategies that included UPFs. This included the construction of inter-UPF and multi-medium 
property portfolio investment frameworks, both at regional and global levels, which has not 
been empirically explored previously. This is particularly beneficial for institutional investors, 
as it assists them in comprehending the strategic implications of their investment decisions. 
 
Fourthly, the application of the blended property portfolio optimisation technique provides new 
dimensions to the way property investment can be undertaken. The hybrid property portfolio 
approach, blending UPFs and listed property assets, enables investors to fulfil their liquidity 
and transparency mandates whilst maintaining the performance and diversification benefits of 
a unified property investment solution. This can improve institutional investors’ understanding 
of the performance implications of obtaining property exposure via fixed- or optimally-blended 
property portfolios. It has also implications for pension funds and their Defined Benefit (DB) 
and the increasingly important Defined Contribution (DC) mandates, and how they structure 
their property portfolios under these mandates. 
 
Fifthly, the empirical investigation on the performance of UPFs at the domestic and regional 
level requires several custom market benchmark indices to be constructed to match the 
geographical attributes of UPF indices. This is due to these indices are either not publicly 
available or inactive for performance comparison purposes. Nine custom stock and REIT sub-
indices for both Asia-Pacific and Europe have been built to serve as stock and REIT market 
benchmarks for these regional markets. In addition, this study provides listed property 
companies performance series in Australia, the Netherlands and France. These indices will be 
beneficial as ongoing research platform for future stock and property analyses. 
 
Lastly, while the issue of valuation-smoothing bias in direct property data series has been well 
documented, this research is among the first to apply a statistical de-smoothing filter to rectify 
valuation-smoothing bias in UPF total return indices. Rigorous analyses were carried out using 
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both smoothed and de-smoothed UPF data series, providing a more thorough picture of what 
can be expected when investing in UPFs and the impact of valuation smoothing. 
 
8.5. RESEARCH LIMITATIONS AND FUTURE RESEARCH SUGGESTIONS 
While all due care was taken to ensure the accuracy of this research, it is by no means perfect. 
Limitations in both the data and methodology are acknowledged in this section.  
 
The first limitation is the short time series of UPF data used, which required the time series for 
other asset classes to be constrained as well. Performance tracking of UPFs by ANREV and 
INREV is still considered to be in its early stages compared to that of other property investment 
sectors. Historical data was only available from Q1:2010; hence, coverage of a full property 
market cycle was lacking. This limits the ability to perform a long-term quantitative analysis 
of UPF data. In addition, the use of historical data (ex-post) may not reflect the future potential 
of UPFs, particularly where UPF markets are experiencing rapid growth and strong uptake by 
institutional investors.  
 
Secondly, the use of the aggregate total return index only served to provide a general overview 
and starting point for understanding the investment characteristics of UPFs. In reality, 
managing a UPF involves more complex machinery, involving assessment of quality property 
opportunities, execution of strategic decision making and continuous assessment of property 
portfolio performance. This suggests that performance assessment of index-level data should 
not be the only analysis incorporated by a precise and conclusive decision-making UPF 
investment tool. Future research should consider using fund-level data to properly assess the 
performance of UPFs, given that index-level data is normally limited with fund selection bias, 
causing the performance of UPFs to be under- or over-stated.  
 
Thirdly, the conclusions of this research are based on the analysis of the broad total return 
series for UPFs alongside other asset classes. In practice, institutional investors use different 
weightings for different subsectors within a single asset class. In fact, INREV and ANREV 
provide other subsector indices such as style (core, value-added), structure (closed-end, open-
end) and property sector (single sector, multi-sector). Future study should assess the investment 
attributes of these UPF subsectors, and asset allocation analyses should be tailored to the actual 
allocation strategies used by institutional investors. The availability of the future INREV and 
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ANREV series over longer timeframes will see opportunities for fuller empirical analysis 
regarding the strategic role of UPFs in a domestic, regional and global context. This will 
involve technique such as cointegration which require longer data series to those currently 
available from INREV and ANREV. 
 
Fourthly, most large institutional investors still favour investing directly in property (via 
separate accounts, JVs or club deals), and have the necessary capital and in-house expertise to 
do so. However, alternative property assets (other than UPFs) that were considered in this study 
were limited to publicly-traded property investment vehicles, as the research did not have 
sufficient access to direct property performance index. Therefore, it will be necessary for future 
studies to compare UPFs with direct property assets, to ascertain whether UPFs can be used as 
complementary or substitute vehicles for direct property assets in institutional investment 
portfolios. This level of direct property data is available for some countries (often only annual) 
by MSCI, but is only available on a subscribe-only basis, as well as being an expensive data 
series, beyond the budget of most academic researchers. 
 
Fifthly, while supranational, regional and global investment analyses of UPFs featured 
prominently in this research, the impact of exchange rate fluctuations was not incorporated into 
the analysis. The geographic diversity of property assets of UPFs warrants the use of currency 
hedging, since revaluation exercises and distributions are usually derived in the currency of the 
fund’s domicile. A survey by Newell and Lee (2017) showed that 71% of investors in European 
UPFs make full use of currency hedging tools to smooth the impact of currency fluctuations 
on UPF returns. Furthermore, 68% of investors stated that they applied hedging against at least 
three currencies. Therefore, future study could incorporate the various currency hedging tools 
used by investors (e.g. forwards, swaps, adaptive hedging), as well as measuring the 
effectiveness of each of these methods at improving UPF returns. 
 
Sixthly, research into property investment strategy has taken on increased importance. Future 
research should “get behind the numbers” and develop a fuller understanding of the practical 
delivery mechanisms of property strategies. This will involve industry surveys and interviews 
to provide critical insights into strategic investment issues and investment decision-making 
processes. An excellent example of this style of research is Newell and Lee (2017) which 
assessed currency risk management procedures by European property investors. 
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Lastly, some of the methodologies used in this research are known to contain certain 
deficiencies. For instance, the use of standard deviation as a measure of risk in both modern 
portfolio theory and the Sharpe ratio has been subject to critical debate. The alternative value-
at-risk (VaR) technique is an increasingly popular method for measuring investment risk, and 
gave rise to post-modern portfolio theory (Rom and Ferguson, 1994) and the Sortino ratio 
(Sortino and Price, 1994). Fuller data series are required to assess these investment risk issues. 
 
8.6. CONCLUDING REMARKS 
Property investment today is a global opportunity to access international property markets for 
fuller investment performance using a variety of property investment vehicles. UPFs are an 
important alternative indirect property investment vehicle that can provide investors with 
access to quality property exposure and fund management expertise. The rigorous analyses 
undertaken in this study have highlighted the investment properties of UPFs that make them 
distinct from mainstream asset classes. The main advantage of UPFs, compared to listed 
property investment vehicles, is that they are not influenced by the significant volatility of the 
broader stock market. However, not having a publicly-traded structure means that UPFs are 
hindered by liquidity and transparency issues. Being a diversified investment asset, UPFs can 
also provide investors with geographic diversification options across various markets. These 
unique and appealing investment characteristics have contributed to the accelerated expansion 
of UPFs in recent years. It will be interesting to see what the future holds for UPFs; it is 
expected to be an increasingly important investment vehicle for many institutional investors 
seeking access to high quality property portfolios at the local, regional and global levels. The 
proactive role of INREV and ANREV in developing these UPF indices have been key 
ingredients in the ongoing success and attractiveness of UPFs to institutional investors seeking 
property exposure in an effective format. 
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